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DEPARTMENT OF THE INTERIOR,
UN1TED STATES GEOLOGICAL SURVEY,
Hyprograruic Braxcm,
Washington, D. C., July 7, 1904

Str: I transmit herew1th the manusecript of a paper entitled The Underground
Water Resources of Long Island, New York,” by Messrs. A. C. Veatch, Charles S.
Slichter, Isaiah Bowman, W. O. Crosby, and R. K. ITorton. The field work upon
which the report is based formed a part of a detailed investigation of the geology
and water resources of the island conducted by Mr. M. L. Fuller, chief of the eastern
section of the division of hydrology, assisted by Mr. Veatch, to whom was given
the immediate supervision of problems relating to underground waters.

The paper deals with an area in which the problems relating to underground
waters are of great importance, especially as they affect city and town supplies.
Great interest is manifested in such waters throughout the areca, and it is thought
that the report, which is the result of unusually detailed work, will prove of great
value to engineers and others who may be interested in pubhc or private supphes
from underground sources.

A scparate report, treating the geology of the island in more detail, has been
prepared by Mr. Fuller and will soon be transmitted for publication.

Very respectfully,
F. H. NEweLL,

: Chief Engineer.
Hon. CuarrLes D. WaLcoTr,
Director United States Geological Survey. '
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. complete report on the geology.

UNDERGROUND WATER RESOURCES OF LONG ISLAND,
NEW YORK.

By A. C. VearcH, CHARLES S. SLICHTER, Isatarn Bowman, W. O. Crossy,
and R. E. HorTon.

CHAPTER L

OUTLINES OF THE GEOLOGY OF LONG ISLAND.
By A. C. VEaTCH.#

INTRODUCTION,

As Long Island is the largest island-on the eastern coast of the United States,
and is of such size, 120 miles long and 23 miles wide, that it is a more or
less noticeable feature on even very small-scale maps, little need be said of its
general geographic position.

TOPOGRAPHY.

In shape Long Island resenibles a huge fish, with the head toward New York,
This rude resemblance caused the early whalers to apply the names North Fluke
- and South Fluke to the two projections which form the tail. ‘

A range of hills having a relief of from 100 to 200 feet gives topographic expres-
sion to each of the flukes; and continuing westward, these ranges coalesce north of
. the center of the island near the Suffolk-Nassau county line, where they reach their
maximum elevation of 420 feet at High Hill. Westward a group of rolling hills,
~ occasionally reaching a height of over 300 feet, and not separable into distinct

lines, continues to the Narrows at Brooklyn. South of these hill ranges the land
is comparatively level and slopes off gently to the sea or forms more or less elevated
table-lands between the two lines of hills. The northern shore, skirted by the hills,
is rugged and precipitous, with long, narrow bays, while the southern shore passes
gradually from a gently sloping plain into a salt marsh inclosing broad, shallow
bays, beyond which is a barrier beach.

a A more detailed report on the geology of Long Tsland is now in preparation, and the discussion of local data, as
well as questions of torrelation, has therefore been omitted in this outline, which has been condensed from the writer’s

15




16 UNDERGROUND WATER RESOURCES OF LONG ISLAND. NEW YORK,

The hills are very irregular and even the plains between the two ranges of
hills are by no means level, but are pitted by somewhat circular depressions found
in glaciated regions and commonly called “kettle holes.” On Long Island many
of those contain water, forming charmmg little lakes and ponds, which add much
to the picturesqueness of the region.

In general the topography has a glacm] aspect and the glacial forms are so
prominent that the fact that the major topographic features are of pre-Glacial
origin is commonly overlooked.

LITERATURE.

The literature dealing with the geology and water resources of Long Island
is very extensive, and will be presented in detail in a paper on the Geology of Long
Island, now in preparation. Only a few of the more important titles are presented
in the accompanying list:

Matner, W. W. Geology of the first geological district. Geol. New York, pt. 1, 1843.

Lewis, E.  Ups and downs of Long Island. Pop. Sci. Monthly, vol. 10, 1877, pp. 434-446.

Upnad, WaRREN. Terminal moraines of the North American ice sheet. Am. Jour. Sci., 3d ser., vol. 18,
1879, pp. 81-92, 197-209.

Daxa, J. D. Long Island Sound in the Quaternary age, with observations on the submarine Fludson River
channel. Am. Jour. Sci., 3d scr., vol. 40, 1890, pp. 425-437.

Megrrir, F. J. 0. Geology of Long Island. Annals New York Acad. Sci., vol. 3, 1886, pp. 341-364.

HoLLicK, ARTHUR. Preliminary contributions to our knowledge of the Cretaceous formation of Long Island
and eastward. Trans. New York Acad. Sci., vol. 12, 1893, pp. 222-237.

——— Some further notes on the geology of the north shore-of Long Island. Trans. New York Acad. Sei.,

vol. 13, 1894, pp. 122-130.

Dislocations in certain portions of the Atlantic coastal plain strata and their probable causes. Trans.

New York Acad. Sci., vol. 14, 1894, pp. 8-20,

Dr Varona, I. M. History and description of the water supply of the city of Brooklyn. 1896, 306 pp.,
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THE BASEMENT ROCKS.

Although bed rock underlies all Long Island at a greater or less depth, it
outcrops only along East River, at Long Island City and Astoria, where Merrill
has recognized two divisions—the Fordham gray gneiss and the Stockbridge dolo-
mite, the former of probable pre-Cambrian and the latter of Silurian or Cambro-
Silurian age.* In the Fordham gray gneiss are occasional dikes and bosses of
granite and intrusions of diorite.

These rocks are the remnants of strata which were profoundly altered by
pressure and heat, by folding and faulting, and then reduced by erosion (fig. 1), dur-

a Merrill, F. J. H., Description New York City, Geologic Atlas U. S., folio 83, U. 8. Geol. Survéy, 1902, pp. 3-5,
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.

ing the ages that elapsed between the Silurian and the Cretaceous periods. The
many changes of this old land surface and its topographic aspect at different stages
before the Cretaceous can only be partly outlined, but the history since the begin-
ning of the Cretaceous can be inferred more or less completely.

The surface of these older beds, so far as it has been revealed on Long Island
by borings that penetrate the mantle which has protected it from erosion since
the early Cretaceous, has a few minor irregularities, but, on the whole, slopes
gently to the south and east at a rate of about 100 feet per mile. The unevenness
of the present surface is very slight when compared with the great irregularity
(fig. 1) indicated by the structure On Pl I is shown the depth to bed rock in
the western portion of the island; in the eastern part of the island the depths at
which bed rock was encountered, at 655 feet at Greenport (892¢) and at 150 feet
at Fishers Island (9192), show a similar slope.
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Fi1g 1 —Sections from Hudson River to Long Island, showing 1n a general way the folded and eroded character of bed rock
underlying Long Island (Mernll 1902), fgn Fordham guneiss (pre-Cambrian), €8s, Stockbndge dolomite (Cambro-
Sinurnian), Sh, Hudson schist (Silunan)

This sloping surface, with its minor irregularities, was probably at one time
nearly horizontal and formed a part of the great, almost level, plain known as
the Schooley peneplain,” which extended over a large part of the eastern United
States and which resulted from long-continued erosion under very uniform con-
ditions. It owes its present slope or dip to the very broad folding which began
‘near the beginning of the Cretaceous and which, after several minor halts and
fluctuations, elevated .the Schooley Mountain in New Jersey 1,500 feet and depressed
the old surface in the Long Island region.

a The numbers given in parentheses throughout this paper correspond with those used on P1 XX1V and 1n Chapter IV,
where detailed records are given, i

tDavis, W M., and Wood, J. W, Geographic development of northern New Jersey. Proc Boston Soc. Nat. Hist, vol.
24, 1890, pp 365423 Willis, Bailey, The northern Appalachians. Mon Nat. Geog. Soc., vol 1, No. 6, pp. 168-202, 1895, Sakhs-
bury, R D. Phys. Geog New Jersey Final report State geologist New Jersey, vol. 4, 1898, pp. 83-85.
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CRETACEOUS.
CONDITIONS OF DEPOSITION.

By this change of level at the beginning of the Cretaceous period the sea
again covered this arvea, and the rejuvenated streams carried into it the deeply
weathered material from the surface of the old Schooley peneplain. The strata
for 300 or 400 feet above the bed rock are therefore composed almost entirely
of the products of long-continued weathering and present a peculiar mingling of
sand and plastic clays, often brightly colored, which are more or less distinct
from the beds that follow.

CHARACTER OF DEPOSITS.

These irregular-bedded varicolored clays with light-colored quartz sands and
gravels, which characterize the base of the Cretaceous system in this region, show
an increasing percentage of sand in their upper portions, and pass more or less
gradually, on the north shore, into the light-colored quartz sands with occasional
irregular clay beds which form the upper strata of the pre-Pleistocene series, and,
on the south shore, into the fine gray lignite-bearing sands and dlays of the same
age. The thick greensand marls of the New Jersey section arealmost wholly
absent, their presence being merely suggested in the West Hills, at Quogue and
Bridgehampton. The absence of greensand marls, the extreme scarcity of marine
fossils, and the presence of plant remains, indicate shoal water, or near-shore
conditions during the several epochs in which these rocks were deposited.

As a result of the long-continued weathering to which all the material compos-
"ing these beds has been subjected, the sand beds lack the readily broken-down
minerals so common in glacial deposits, and the gravel beds do not contain
compound crystalline or transported clastic pebbles. The gravels from the lowest
to the highest (with but one doubtful exception) are composed of quartz or locally
derived quartz-conglomerate, with occasional very much decomposed milk-white -
chert fragments. This difference in composition is the most serviceable criterion
for separating the pre-Pleistocene from the Pleistocene beds in this region. 4

STRUCTURAL RELATIONS.

These Cretaceous beds are now not only almost entirely hidden by Pleistocene
deposits, but are so disturbed in the few hmited outcrops on the north shore (Pl. I1I)
that neither the original slope of the strata, the amount of deformation, either
horizontal or vertical, nor the relation of one outcrop to another can be satis-
factorily determined. The apparently undisturbed outcrop in the West Hills fur-
nishes no extended exposure, and even here the structure is concealed by hill creep
and landslides.

Any knowledge of the structure is, therefore, dependent upon well records,
and these have fortunately revealed a key bed that is not only satisfactorily persist-
ent on the island, but continues in New Jersey, and furnishes a new basis for a
comparison of the stratigraphy. A critical study showed that the top of a water-
bearing sand situated 150 to 200 feet above bed rock in 14 north shore wells (see
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p. 65) has a very regular southeastward dip (Pl. {I) and a continuation of the
lines of equal depth parallel to the line of strike showed that not only the nonwater-
bearing gravels of the Woodhaven well (143) and the good water carriers of the -
Barren Island wells (129-132) belonged to the same horizon, but also the water-
bearing beds in certain wells in New Jersey, which encounter a gravel horizon at a
somewhat similar height above bed rock. The position of the top of this gravel
and sand, which it will be convenient to call the Lloyd sand from its fossiliferous
development in the well (633) on Lloyd Neck, is shown in PL TI,

As indicated on Pl. 1I, in northern Long Island on a 6-mile line, the dip is as
much as 80 feet per mile,
while iIn New Jersey on a ﬁ
22-mile line 1t is only half 1
so much. Tt is quite prob- '
able, therefore, that the dip
on Long Island ‘becomes
somewhat less.to the south,
and that on the-south shore,
about Amityville and Baby-
lon, wells will strike this
sand at even a less depth
than indicated on Pls. II
and XVI.

Some additional evi-
dence bearing on the gen-
eral structure of this region
is furnished by the dip indi-

cated by a. feW WéHS hear Fre. 2 M. howing dip of Cretace bed Setauket, N.Y. P
. . . 2.—Map s 1p of Cretaceous beds near Setauket, N. Y. igures
Setauket = (fig. 2), which =

at wells give depth of water-bearing stratum below sea level.
_ reach a coarse sand and

gravel about 600 or 700 feet above the Lloyd sand. The original caleulation of
the dip, based on the similarity suggested by the Cox (763), Rowland (760), and
Emmett (752) records, has been confirmed by the record and samples from
the Port Jefferson Company well (811). A comparison of the strike of this bed
(fig. 2) with that of the Lloyd sand (Pl II) shows it to be very nearly parallel,
although the dip is much nearer that usually found in New Jersey—about 40
feet per mile.

A ND

g b
Old Field Ptz

PRESENT DISTRIBUTION.

A detailed knowledge of the distribution of the Cretaceous on Long Island is,
like the determination of the structure, almost wholly dependent on well records.
The available data are shown on Pl. ITI. This map emphasizes two points:
Although (1) the Cretaceous beds bave determined the major topographic relief of
the island (see also PL. V, A-4), (2) near the western end they have been deeply
trenched by a broad north-south valley, representing the outlet of the Sound River
(P1. VI).

The most important outerop of Cretaceous rocks is in the West, Hills, on the road
leading from Melville to Hicksville (PL. III). The following section was observed
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at this point early in the spring of 1903, just after the landslips of the previous
winter had been Iemoved by road graders and the section further cleaned up with

a spade:
Section just west of Melwille, N. Y.

{Top of section about 300 fect above tide.] .
Pleistocene: Fect,

1. Horizontally bedded yellow sand and'quartz gravel, with a few very much weathered compound
pebbles.  Near the upper part of the section the gravel is a very bright orange. (PLIV,A).. 35
Miocene (?): Flufly (Beacon I[ill) sand:
2. Orange clayey sands, {ine, micaceous, containing iron scales and small gravel; closely resembles

sand at Kivkwood, N. J. ... ..l e e 3
Cretaceous:
3. Dark-colored, lavender, green, and black sandy clay, weatheving yeliow. ._ ... .. ... .. .. .. 3
4. ITorizontally bedded, finely laminated red clayey sand, with a few rounded quartz pebbles
(weathering product of bed below).... ... ... ... ... 2.5
5. Horizontally bedded, fincly laminated green, white, and pink clayey sand, containing some
greensand grains and rounded quartz pebbles.. ... .. .. . .. . L L. 3
6. Ferruginous sandstones. . .. .. ... .. ..l e 0.3
7. Yellow sand with ferruginous plates.. ... .. oL ... 0.5
8. Trregularly bedded gray clayey sand, blotehed with red and yellow, beconting more sandy above,
and passing into a pink or red sand with len:.-shaped masses of whiteclay...... ... ... ... 9.5
9. Covered.. . R | 2
10. White olavey sand Wlth large qualtz gravcl ......................... e 2
11. Covered. . ... i 1
12. Stratified orange-colored sandy clay, with ferruginous plates... ... ........ ... .. .. U |
13. Very black sand and gravel, stained, probably with manganese dioxide..._.._ ... ... ... ... 0.2
14. Coarse white sand and yellow clayey sand, horizontally, though rather irregulaily, bedded, the
bedding lines being darker and rather more clayey than the rest. (PLIV.B). ... .. . ... 19

STRATIGRAPHIC SUCCESSION.

A study of the local data indicates that from a stratigraphic standpoint the
greensand beds in the Quogue (858-859) and Bridgehampton (897) wells, and the
impure greensand marls in the Melville section (p. 20) are to be regarded as the
highest beds of the pre-Pleistocene series which have thus far been recognized,
Wells which might show younger beds may be looked for east of Babylon, but the
wells in this region, except those at Quogue and Bridgehampton, are so shallow
and the data so meager that the lignitiferous sands of the Pleistocene can not, with
certainty be separated from the older, and while a portion of these sands are doubt-
less pre-Pleistocene, their thickness can not be very great and a generalized section
of the pre—PIelstocene beds may be commenced with the greensand layer above

mentioned.

Geeralized section of pre-Pleistocene deposits on Long Island.
1. Tmpure greensand matl developed in about the same stratigraphic position in the Melville scction rek
and tn the wells at Quogue and Bridgehampton... ... ... .. _... .- 50+
2. Sands with trregular clay beds. The beds, though showmg consxderable hgmtlc mat,eual are
commonly lighter on the north shore and in the hill lands than on the south shore. They are
shown in detail in the many shallow wells in northern Oyster Bay Township, in the Lake Suc-
cess well (317) , the Hollts well (220), the Wheatley Hill wells (partieularly 431), in the Mel-
ville section, in the Batven Island wells, and in many of the test wells of the Brooklyn water-

works cast of Jameco, as well as in the Long Beach, Barnum Island, Quogue, and Riverhead
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3 Varicolored clay, often bnéht red, 1n wells on the north shore, may be entirely absent or very Feet

thin, as in the Cox well (564) in Hempstead Harbor, and the Bevin well (670) on Eaton

Neck, with the clay layers n the succeeding beds it sometimes reaches a thickness of

between 400 and 500 feet, as in the Ward well (628) near Huntington, but this thickness, as

shown by near-by wells (620), 1s abnormal, the average thickness bemng about 100 to 150 fect. 0-150
4 Lloydsand Yellow to white quaitz sand and gravel, with occasional clay layers, as at Wood-

haven, sepaiated from bed rock by clay beds, but at Greenport apparently iesting directly

upon it, contains much decayed white chert, and mn one case (633) manne fossils Maxi-

mum thickness shown at Peacock Pomnt and Lake Success (317) Lathologically this giavel

15 1dentical with the older portions of the yellow gravel of New Jersey, and suggests that a

part of this complex may represent undisturbed Cretaceous outerops... ... ... .. ... ... 80-90
5 Probable thickness of beds between the Lloyd gravel and bed roek .. ... .. ... ... ... ... 100-200

RELATION TO ADJACENT AREAS

Fortunately for the purposes of this study the pre-Pleistocene beds in New
Jersey, particularly those belonging to the Cretaceous, are not only well developed
but well known, and furnish a ready near-by standard with which to compare the
Long Island section. Before undertaking this comparson in detail, it will be
necessary to review briefly the geologic succession in that region, and to give the
thickness and general character of the main lithologic units In various reports of
the New Jersey geological survey these details are given at length, and it 1s from this
source that the following abstract has been prepared

TanLk I —Cretaceous and Tertiary formations of New Jersey

Sahsbury « Clark b Cook ¢
Bndgeton. ............... Lafuyétte (Yellow Gravel in pait) .. ... ...} Yellow gravel
Beacon Hull Miocene .. ... .| Chesapeake .. ... ...._..._...._.._.......| Miocene (glass sands and sandy
clays, astringent clays)
Shark River (Eocene). .. ... .. ... ..._... \
Upper marl
Manasquan. .... ... .. ... .. .. .. .. ... f

Vincentown lime-sands . .... ...

Rancoeas . { }Mlddle mar)

Marlseres. . ... covean... Sewellmarls _.... ......._...

| Redbank sands _........._._..] Redsand Marine sertes.
Monmouth_{Navesmmkmarls. .. _.._.__.....
Mount Laurel sands . _ .. .. ... _. }Loxver marl

Hazletsands . .. ... ... ... ..

Clay ma1l formation. . .. ... Matawan . . Crosswick elays ... }Clay marl

Ramtan..._. ... ... Ramtan__....__...._....... . ..... .....| Plastic clays—Nonmarine series

3 u F‘é‘g"g;l Rept State Geol Survey N J,vol 4, Physical Geography, 18R, p 117 Ann Rept N J Geol Survey, pp
13-15, 1
71))1\%%8 Rept N J Geol Survey p 334,1894, Bull Geol Soc Am,vol 8, pp 315-358,18)7, Ann Rept N J Geol Survey,
p 174,1

¢ 'qeology of New Jersey, 1868, and subsequent publications The “*yellow sand’’ has heen omitted, as Clark has shown
that 1t has not the stratigraphic position indicated by Cook

The Miocene strata which unconformably overlie the Cretaceous and Eocene
beds are as a rule coarse and hghter colored at the outcrop than in the embed

At the outcrop these beds arc comnonly yellow or brown, while in the embed
they are darker and the percentage of clay material is greater. They cap many of the
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high hills of the coastal plain as outliers in the Cretaceous area, and underlie all of the
plain south of the Cretaceous outcrop.

The Cretaceous, including the lithologically similar Eocene Shark River beds,
may be divided on lithologic grounds into (1) the mnarl series or greensand beds,
(2) the clay marls (or Matawan), and (3) the plastic clays (or Raritan). The general
character and relation of these beds are well shown graphically in fig. 3 and PI. 11,
“and may be briefly stated as follows:

Feet.
1. Marl series. Greensand marl, sometimes with some clayey material which produces gray or
chocolate-colored marls, generally quite fossiliferous, and at times calcareous. Toward the

base the amount of sandy material increases and the beds take on a ferruginous aspect with a

decreasing percentage of glauconite _. .. ... ... .. L.l 262-2430
2. Clay marls or Matawan. Highly ferruginous brown sands, at tirmes coarse and white, passing into

slate and drab-colored clays interstratified with white sand, and finally into dark-colored or

black clays. Marine fossils are by no means as abundant as in the overlying layers, and are as

arule poorly preserved. - ... L e 275-524
3. Plastic clays or Raritan. Clays and sands, often brightly colored; beds generally become more

sandy in the upper portion, though they sometimes contain dark-colored clay, and are then

not separable from the overlying Matawan or clay marl. The differentiation of this hori-

~ zon has.rested on the plastic clays which it contains, and its general nonmarine character. .. ... 347

A comparison of this section with the general section found on Long Island
shows little similarity. In part this difference is due to the relatively small amounv

UPPER MARL
LINE SAND

New Albany Moorestown MtlLaurel WIBELE MARL {RED SAND WATINS) Pipers Corner .

Delawars ’ 36" 107/ 173 M Y =B 100 FEET
e = st = == = 2 R 8D o seA LEVEL

=f 100

200

RARITAN FORMATION CLAY MARLFORWATION . " mARL SERIES
Horizontal scale .

e 2 4 g g miles

F16. 3.—8ection from Delaware River to Pipers Corner, N, J., showing character and relation of Cretaceous horizons,
(Salisbury, 1896.2) Black represents surficial deposits. Length, 20 miles; height, 473 icet.

of information available regarding the older beds on Liong Island, and will probably
disappear as the data increase. In part, however, it is real; for although the Pleis-
tocene deposits effectually mantle almost the entire island and prevent a carefu]
study of the older beds, the well data are now complete enough to positively
indicate the absence of any great fossiliferous greensand marl bed 250 to 450 feet
thick, such as oceurs in New Jersey. Only in the lower beds is there any similarity,
and these have thus far furnished the only bases for the correlation of the two sec-
tions. The manifest lithologic resemblance of the few outerops on the north shore
to the Raritan beds of New Jersey caused Mather at a very early date to correlate
them. Later the work of Newberry, Ilollick, and White on the fossil plants of
Long Island and the New England islands confirmed this tentative correlation.
To these data it 1s now possible to add direct stratigraphic evidence, which con-
firms the conclusion reached by Ward from a study of the flora: That the beds
furnishing the fossil leaves on Long Island (the Island series) are somewhat
younger, and therefore stratigraphically higher than the Amboy clays.c

a For thickness shown in the Asbury Park well, see Rept. N.J. Geol. Survey, 1896, p. 73.

b Ann. Rept. New Jersey Geol. Survey for 1895, 1806, P1. I1.

¢ Ward, Lester F., The Potomac formation: Fifteenth Ann. Rept. U. S, Geol. Survey, 1895, p.335; Age of the Island
series: Science, new ser., vol. 4, 1896, pp. 757-760.
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In this work the top of the Lioyd sand has proved a convenient plane of reference,
and a study of the New Jersey records shows that it continues into New Jersey and
can therefore be made a basis of correlation between the two sections This exten-
sion 18 graphically shown in P1 I The considerations on which the prolongation
of these hnes fiom Long Island were based are (1) The general Iinc of strike of the
Cretaceous beds; (2) a water horizon in the wells at Runyon ¢ (white sand beneath
100 fect of white, 1ed, and blue clay), Yardville,® Hightstown,¢ Jamesburg ¢
Asbury Park,” and Ocean Grove,¢ which 1s 150 to 200 feet below the base of the
Matawan

Woolman 7 has suggested that the Woodhaven and Barren Tsland horizons are a
contmuation of the horzons developed at Keyport,? Matawan * Atlantic Highlands,
Brookdale/ (644 fect), Holmdel* Seabright?and Asbury Park” (1,083 feet), but
an attempt to include the horzon developed in these New Jersey wells causes the
lines of equal depth to diverge from the general hine of strike, and does not account
for the depth reached in the Asbury Paik and Ocean Grove wells Woolman
explains this greater depth by an assumed thickening of the Matawan, but Clark in
reviewing the evidence is nclined to give to the Matawan in these wells'a thickness
of only about 400 feet »

According to this hypothesis the lowest water-bearing layer would have about
the position of the beds which were struck by the Runyon, Jamesburg, Hightstown,
aud Yardville wells, and which are 200 feet below the beds of the Matawan  More-
over, a water-bearing sand occurs in the Asbury Park well at a depth of 954 feet
which seenmis the true contmuation of this upper horizon. If the 200-foot hne on
Pl 1I is called 0 and the other lines renumbered accordingly, the position of this
upper horizon will be approximately indicated in all of the wells. Thus, near the
200-foot hime will be found the Matawan and Keyport wells (215-220), near the
400-foot line, the Holmdel well (450) ,” near the 500-foot hne the 465-foot horizon in
the Atlantic Iighlands well; near the 600, the 606 horizon of the Brookdale well; near
the 700, the 670 of the Seabright well, and near the 900, the 954 Asbury Park horizon.
The Lloyd sand is therefore equivalent to the lower horizon in the Asbury Park
and Ocean Grove wells and is about 200 fect below the horizon in the other weils to
which Woolman referred1t. This upper horizon is regarded as either basal Matawan
or uppermost Raritan, and the Lloyd sand 1s therefore a horizon m the Raritan
about 200 feet below the base of the Matawan. In a general way, iﬂhen; the 200 or
300-foot line marks the Iime of parting between the so-called marine and nonmarine

a Ann Rept New Jerscy Geol Survey for 1897-98, p 246

bimd,p 281

¢ Ann Rept New Jersey Geol Survey, 1895, pp 200, 201, Bull U S Geol Survey No 138, 1896, pp 6667

4 Ann Rept New Jersey Geol Survey, 1880, pp 166-168, Bull U S Geol Survey No 138, 1806, pp 67, 68

¢ Ann Rept New Jersey Geol Survey 1896, pp 72-75

F Woolman, Lewis, Aun Rept New Jersey Geol Survey, 1900, p 77

¢ Ann Rept New Jersey Geol Survey, 1898, pp 245-246

ATtd , p 246

tIhd , p 244

aIbid , p 228

& Ibid , 1897, pp 147-148.

tibd 1900, pp 7677

mlid, 1898, pp 176-177

»The difference in tlus case 15 clearly due to the generahzed character of the record, guicksand is reported for some
distance above the water-bearing layer, and doubtless 1n pait represents the upward extension of the sand bed

L4
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Cretaceous, and Cretaceous fossils Would be expected south of this line on Long
Island. :
From these data the outerops at Glen Cove and Sea Cliff are to be regarded as
uppermost Raritan which has been, perhaps, slightly disturbed by folding, while the
gray sands and clays at Greenwood are clearly Matawan, and the Terebratula found
in the Roslyn well¢ naturally falls near the basec of the Matawan. In the same way
the Lloyd Beach clays are to be regarded as Matawan, unless they have been more
profoundly disturbed by ice pressure than now appears; and the Little Neck and
Fresh Pond areas fall far south in the Matawan. On account of the leaf remains
found at Little Neck this locality has been referred to the Raritan, but the recent
collections of Berry? in the Matawan show essentially the same fauna, and there is
therefore no conflict between the paleontologic and stratigraphic evidence.

In all cases there is the ever present question of how much the beds may have
been disturbed, and as the folding amounts to as much as 100 or 200 feet in the
islands to the east, this is not always a negligible factor. In the wells on the south
shore, as was early noticed by Woolman, the somber-colored lignite-bearing sands
and clays are fair lithologic representatives of the Matawan, but in this region
greensand must be almost entirely absent in the Matawan, for it is not represented
in any of the samples from the wells of the Brooklyn waterworks or from any of
the neighboring wells, the only suggestion of it being in the Pleistocene deposits in
the Queens County well at Valley Stream (273) and at Long Beach (373), in both of
which it occurs in coarse sand, evidently redeposited. This occurrence is so sug-
gestive that it is confidently expected that fossiliferous greensand will be found in
wells north and east of these localities.

The Cretaceous fossils found at different pomts in the drift at Brooklyn are also
suggestive, though in all cases they are so separated from the Cretaccous beds that
their real source can be only conjectured. They are perhapsMatawan, and may even
be in part representatives of the occasional forms which are known to occur in the
upper part of the Raritan.

On the north shore the beds in the same position as a rule more strongly
resemble the underlying Raritan, though in the dark clays at Greenwood, Little
Neck, West Neck (in the Ward Well), and possibly at Elm Point, the darker beds are
suggested The s&ndy layers in part correspond to the H&zlet sands, but above
the Matawan there is absolutely no similarity in the two sections. In place of from
250 to 450 feet of greensand narls there are sands and clays in no way different from
the underlying beds which are known to be Matawan because of their lithologic
character and position with relation to the Lloyd sand. Greensand beds have been
reported only in the West Hills and in the Quogue and Bridgehampton wells, and in
the latter cases there are some reasons for believing them similar to the Miocene
greensands of Marthas V1neya1d ¢ :

So radical a change in the character of the deposﬂ;s naturally raises the question
of the causé. In some respects these light sands in the hills and the dark clays

o See well No. 437, p. 281 .

b Berry, E. W., Am. Nat., vol. 37, 1903, pp. 677-684; Bull. New Y ork Bot. Gar., vol. 3, No, 9, 1903, pp. 45-103, pls. 43-37;
Bull. Torrey Bot. Club, vol. 31, 1904, pp. 67-82, pls. 1-5.

¢Bull Geol. Soc. Am., vol, 8, 1897, pp. 202, 203.
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of the south shore above the beds regarded as Matawan suggest Miocene, but a
comparison with the known position of the Miocene mn adjacent areas renders this
correlation very doubtful It will be seen from fig 4 and Pl V that, so far as
present knowledge goes, Long Island lies north of the mam Miocene deposits, and
that 1f the Miocene occurs at all it is to be expected as mere erosion outhers
occupying the highest hills Moreover, Mr G. N Knapp, who, by reason of his
long and extensive field work in New Jersey, 1s well fitted to judge, has
examimed the beds m the Melville section (p 20) and regards them as Cretaceous,
with the possible ,exception of a thin layer between the upper gravel and the
impure mail, which resembles Miocene In order that any other portion of these
beds may be Miocene, 1t is necessary to assume a much greater discordance of
structure than 1s known to exist anywhere i this region between the Miocene and
Cretaceous. These facts, with the agreement of the thickness of the beds below
the Miocene (%) of the West Hill section with the thickness of the Cretaceous
deposits of northern New Jersey, and the fact that Long Island is to be regarded
as the normal continuation of New Jersey, both geologically and topographically,
with the addition of a mantle of glacial deposits, throw the burden of proof on the
person arguing for the Miocene age of these beds. The total absence of large
greensand beds mdicates a change in the local conditions Perhaps the ancestral
Tludson and Connecticut rivers may have had something to do with it, perhaps
the ocean currents are responsible, for it 1s well known that both these factors
tend to interfere with the formation of greensand, and glauconitic deposits are
therefore seldom continuous over great areas ¢

This sandy phase reappears on Marthas Vineyard above the basal plant-
bearing beds, though at this point it contains fossils,” and while the data aie not
conclustve, they furnish further evidence of the change from the New Jersey
conditions which 1s mdicated on Long Tsland

AGE OF THE RARITAN FORMATION

After the early correlations, which were based on very meager data, the
Raritan was referred to the Upper Cretaceous, and it was not until the work of
Ward In connection with the much disputed Potomac group that it was referred
to the Lower Cretaceous¢ It was shown by Newberry? and Hollick® to be
rather closely related to the Dakota and the Patoot and Atane beds of Greenland,
all of which are regarded as Upper Cretaceous.

The work of Berry has now shown that there is no essential break between
this fauna and that of the Chiffwood section, which 1s clearly Upper Cretaceous.”

aClark, WV, B , New Jersey Geol Survey, 1893, p 225

bWoodworth, J B Bull Geol Soc America, vol 8, 1897, pp 199-200

e Ward, L. F, The Potomac Formation Fifteenth Ann Rept U S Geol Survev, 1893, pp 345-346, Age of the Island
series, Sel , new series, vol 4, 1896, pp 757-760, Professor Fontaine and Professor Newberry on the age of the Potomac for-
mations, Sc1, new series, vol 5, 1897, p 420

d Newberry, J 8, The floia of the Amboy clay, posthumous work edited by Artnut Hollick Monograph U S QGeol
Survey, vol 26, 1895, pp 23, 33

e Hollick, Arthur Proc Am Assoc Adv Science, vol 47, 1898, pp 292-293, Science, new serles, vol 7, 1898, pp 1467-468,
Am Geol, vol 22, 1808, pp 235-2%6

f Berry, Kdward W , Plants from the Matawan Am Nat, vol 37, pp 677-684, 1903, Flora of the Matawan formation
(Crosswick’s clays) Bull New York Bot Gar , vol 3, No 9, 1903, pp 45-103, pls 43-57, Additions to the Aora of the Matawan
formation Bull Torr Bot Club, vol 33, 1904, pp 67-82, pls 1-6
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Mr. David White informs me that he regards the Marthas Vineyard flora, on
which Ward based his Tsland series, as essentially the same as the Cliffwood.
The Long Island plant remains described by Hollick represent a horizon 100
or 200 feet above the Lloyd sand, and are therefore stratigraphically between
the Amboy clays (Woodbridge, South Amboy, and Sayreville horizons) and the
Cliffwood or basal Matawan. The stratigraphic sequence is, then, as follows:
(1) Amboy clays; (2) Long Island red leaf-bearing concretions; (3) Cliffwood,
Marthas Vineyard, Hast Neck.”

The few fragmentary marine remains obtained from the Llayd sand at Lloyd
Point are regarded by Stanton as Upper Cretacéous, and therefore confirm the
gencral drift of the plant evidence, as do the molluscan remains (including Ezogyra)
reported by Woolman from a similar horizon in the Asbury Park well.? On the
one hand marine fossils indicate the {lora in the upper beds as clearly Upper Cre-
taceous; on the other, the flora shows that there is no. essential break between
the upper and lower beds of the Raritan. There is, however, a sharp floral bresk
at the base of the Raritan¢ and it seems, therefore, necessary to return to the
view of Newberry and regard the Raritan as basal Upper Cretaceous, and essentially
equivalent to the Dakote and the Woodbine.¢

SUMMARY OF THE CRETACEOUS.

The more important points relative to the pre-Pleistocene on Long Island
may be briefly summarized as follows:

1 The bulk of the pre-Pleistocene deposits on Long Island are Cretaceous.

2. The basal beds are the stratigraphic equivalents of the Raritan, and are
Upper Cretaceous.

3. The Matawan beds are apparently well represented, but their lithological
character changes in going eastward.

" 4. No greensand beds comparable to the great greensand marl beds of New

Jersey have been found, their stratigraphic position being occupled by fine
lignitiferous sand with occasmn&l clay beds.

TERTIARY.

GENERAL CONDITIONS.

Although there are no indications on Long Island of any break in the sedi-
mentation during the Cretaceous, Doctor Clark has found in New Jersey evidence
of perhaps two unconformities which indicate land periods of comparatively short-
duration.¢ It was, however, not until rather late Tertiary time that this region
commenced to undergo the profound erosion which has given rise to the present
land forms. These stages are imperfectly shown on Long Island, but in adjoining
portions of the coastal plain the following major stages have been found: Late
Pliocene (post-Lafayette) erosion, Lafayette submergence, early Pliocene erosion,
Miocene submergence, Kocene erosion.

aThe East Neck locality is perhaps a little higher stratigraphically than the other two.
6 Ann. Rept. N. J. Geol. Survey, 1845, pp. 72-75, 1896.

¢ Science, new series, vol. 4, 1896, p. 759.

¢ Twenty-first Ann. Rept. U. 8. Geol. Survey, pt. 7, 1901, pp. 318-322.

e Bull. Geol, Soc. America, vol. 8, 1897, pp. 328, 337-338.
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EOCENE EROSION.

~

The absence of the greater portion of the Eocene in New Jersey indicates a
period of elevation, but the absence of any great unconformity between the
Cretaceous or Eocene and the Miocene strata indicates that either this elevation
was slight or that the period was of such a duration that the land was essentially

base-leveled.
* MIOCENE SUBMERGENCE.

While the deposits of the Miocene were -clearly very thick toward the sea
and thin toward the land, the exact position of their landward edge is uncertain.
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6. 4.-—8ketch map showing known distribution of the Miocene near Long Island. Shaded area is underlain by Miocene.
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It may, however, be regarded as reasonably certain that over most of the Atlantic
coastal plain they were of sufficient extent and thickness to obliterate the low
features developed in the underlying Cretaceous and Kocene beds during the
preceding erosion period.

Distribution of Miocene deposits.—In the Long Island region and in the New
Jerscy region the Miocene sediments werce deposited under similar conditions, and
as these two areas have been subjected to the same forces, except glacial action,
their distribution in both should be similar. The only bed thus far seen on Long
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Island which is regarded as possibly Miocene is a thin bed of “‘flufly sand’ which
Mr. G. N. Knapp recognized in the upper part of thé Melville section (p. 20), and
which is the counterpart of certain sands occurring in the Miocene of New Jersey.
A comparison of the sections shown in PL V indicates that if the structure is
normal, and there is every reason to believe it is, a Miocene outlier should be
expected at this point. The same evidence shows the absence of the Miocene
above sea level (fig. 4 and P1. V) on southern Long Island, except possibly along a
portion of the South Fluke. This line of argument is important, for it shows
that the Tertiary deposits can not be expected on the north shore any more
than in the Hightstown Vale (p. 30) in New Jersey, and that the occurrences on
Long Island are probably limited to erosion outliers, with the embed beneath the
Atlantic. .
EARLY PLIOCENE EROSION.

In the succeeding erosion period the first forerunners of the present topography
were developed. Erosion was active, the mantle of Miocene beds was partly
removed and the underlying Cretaceous exposed near the old shore line.

LAFAYETTE SUBMERGENCE.

During Lafayette time the rather low topography developed in this region
was buried by a mantle of littoral deposits. The smaller depressions were oblit-
erated but the broader features persisted.

LATE PLIOCENE (POST-LAFAYETTE) EROSION. .

After the Lafayette submergence there was a long period of erosion in which
the land stood relatively high and the essential features of the present topography
were developed. .

DEVELOPMENT OF TOPOGRAPHIC FEATURES.

_ The most pronounced topographic feature resulting from or accentuated by
the early and late Pliocene erosion epochs is a more or less persistent line of hills
' ' overlooking a landward
depression which extends
from the Mannetto (West)
and Wheatley hills on
Long Island through the
highlands in the coastal
plain of New Jersey and
Maryland to the Potomac
River near Washington.

F16. 5.—Stercogram of eastern England (after Davis), showing the develdpment - Syieh g degradational fea~
of wolds and vales, B, D, vales; C, E; wolds. . .
ture is common in all

regions of gently inclined rocks of unequal hardness. By weathering and erosion
the softer beds are removed and the more resistant ones stand out as chains of

hills. Marked topographic forms depending on these factors extend over wide
areas and it seems desirable to have distinctive topographic terms for them.
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Fortunately names are readily obtainable by analogy with eastern England
where, in the gently sloping rocks of the post-Paleozoic series, similar features
are well developed (fig. 5). There the ranges of hills are in many places called
wolds—as the Cotswold Hills and the Lincolnshire and Yorkshire wolds—and
the accompanying longitudinal depressions have been termed vales—as the vales
of Pickering, Blackmore, White Horse; Red Horse, Pewsey, and Wardour. These
terms are, therefore, appropriate for lines of hills and parallel valleys of a similar
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F1a. 6,—Diagram shewing the three uses of ‘‘escarpment’’ as applied to topographic features.

type and origin. As a definite physiographic term wold may then be defined as
a range of hills produced by differential erosion from inclined sedimentary rocks,
and vale as the accompanying depression or strike valley (fig. 7).

Wold has, so far as the writer is aware, never before been used as a distinet
term for a definite topographic form, but vale has been extensively employed by
Woodward in describing the longitudinal valleys in eastern England.”

As a geographic term, vale, although generally applied to these strike valleys,
has cccasionally been used for valleys of other origin—as the Vale of Kden, n
Westmoreland and Cumberland, in which a portion of the depression has been
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F16. 7.—Diagram showing relations of wold, vale, cuesta, and bajada.

produced by faulting’—but these may be regarded as exceptional cases, and the
word used in a physiographic.sense as the direct antithesis of wold, or wolds, without
confusion. : '
To the feature here defined as a wold, the term escarpment has often been
applied, but, as already pointed out by Davis,® this usage is objectionable, for when
escarpment is used for the whole hill feature it is given a nieaning quite different
from that usually associated with it. It is commonly used for a very steep
declivity or cliff,” but has been extended to mean: (1) The steeper slope of a

a W oodward, Horace B., The Jurassie rocks of Britain: Memoirs Geol, Survey Gt. Brit., vol. 3, 1893, pp. 300-313; vol. 4,
1894, p. 459; vol. 5, 1895, p. 297, The geology of England and Wales, 1887, p. 599. :

b Marr, John E,, The scientific study of scenery, London, 1900, p. 113. Ramsey, A. C., Physical geology and geography
of Great Britain, 6th ed., 1899, pp. 362-363, fig. 129.

¢.Proe. Geol. Assoc. Lond., vol. 16, 1899, p. 77.

d Geilie. Archibald, Text-book of geology, vol. 2, 1903, p. 13. Example cited: The face of a mesa.
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wold;® (2) the top or crest line of a wold;? (3) the whole hill feature—exactly
synonymous with wold (fig. 6).c

The.word cuesta is used in the southwestern United States for a sloping plain
which is terminated on one side by a steep slope.? It seems to-have no relation to
structure, but only to topographic form, and while the long slope of a wold, or dip
slope, is a cuesta, a cuesta is not always a dip slope. The word has been applied by
Davis to many of the dip slopes of wolds in the United States, and has been extended
by him to include the whole topographic form, with the remark that while there may
be objection to this use of the word it will, until a better name is suggested, serve
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F1e. 8.—Sketch niap showing locations of sections shown on
PL V.
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a useful purpose.¢ Cuesta should
doubtless be restricted to its original
usage, and apply only to the gently
sloping plain. A name for the shorter
slope or inface can likewise be ob- -
tained in the same region in the com-
panion terms to cuesta of ceja and ba-
jada, the first referring to an escarp-
ment and the second to ‘‘a gradually
descending slope as distinguished from
a more vertical escarpment.”/ Bajada
would then be applied where there is
no escarpment or where the escarp-
ment feature was an insignificant por-
tion of the whole slope; while ceja
would be applied where the scarp
forms the major part of the bound-

-ary between two successive cuestas

(fig. 7).

WOLDS AND VALES.

In the coastal plain of New Jersey
. there is a well-marked vale and wold

(PL.V) and a less perfectly developed pair. The innermost vale may be traced more
or less continuously from the Potomac River near Washmgton tonorthern LongIsland,
and perhaps to southeastern Massachusetts; in it are found T.ong Island Sound
and the northeast and southwest portions of the Delaware, Susquehanna, and

Potomac rivers.

Through New Jersey it is particularly well marked, and may

be named the Hightstown Vale, from Hightstown, in Mercer County, Where it is

typically developed (Pls. IT and V, ().

Coastward of the Hightstown Vale and overlooking it is a range of rolling Inlls,
highest to the northeast at Beacon Hill and Telegraph Hill, N. J., and Mannetto Hills,

e Harrison, W, Jerome, Geology of thecountles of England, 1882, p. 344. Geikie, James, Earth sculpture, 1898, p. 58, fig. 15.

b Marr, John E., The scientific study of scencry, 1900, p. 117,

¢ Geikie, JTames, Earth sculpture, 1898, pp. 65, 70, fig. 23. Woodward, Horace B., The geology of England and Wales, 1887,
p-599; The Jurassm rocks of Britain: Memoirs Geol. Survey of United Kingdom, vol. 4, 1884, p. 459; ibid., vol. §, 1895, p. 297.
@ 1IiN, R. T., Description of topographic terms of Spanish America: Nat. Geog. Mag.,vol. 7, 1896, p. 205, .

e Davis, W, M., The drainage of enestas: Proec. Geol, Assoc. London, vol. 16, 1899, pp. 76, 77.

J Nat. Geog. Mag., vol. 7, 1896, p. 297.
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Long Island, but gradually becoming lower and of less importance topographically to
the south. This range of hills is typically developed at Perrineville, in Monmouth
County, N. J., 5 or 6 miles east of Hightstown, and is, therefore, named the Perrine-
ville Wold. Both the Hightstown Vale and Perrineville Wold have been produced
by the differential erosion of Cretaceous strata. Of the minor and but partly devel-
oped vale and wold to the east of the Perrineville Wold little need be said at this time,
except to point out their general resemblance to the major topographic features of
this type.
DEFLECTION OF RIVERS IN HIGHTSTOWN VALE.

In studying the abnormal deflection of the riversin the Hightstown Vale it is nec-
essary to commence with the uplift which marked the beginning of the post-Miocene
erosion cycle. At that time the streams issuing from the valleys of the older land
followed the retreating sea directly across the emerging coastal plain and adapted
themselves to its minor irregularities and gentle slope (Pl. VI, A). During this
period, in the region north of Virginia, the streams near the landward edge of the
Miocene rocks cut through the Miocene and reached the Cretaceous. The soft basal
Cretaceous rocks were more easily eroded than the overlying ones, and ashallow vale,
overlooked by a low, northwest-facing wold broken by the transverse or dip valleys of
the main streams, was developed parallel to the old shore line. This ancestral Hights-
town Vale and Perrineville Wold was farther inland than to-day and, though not
prominent, was doubtless well marked.

In the succeeding Lafayette submergence a mantle of littoral sediments was
spread over the coastal plain. The narrow transverse valleys through the wold
(fig. 5) were more nearly obliterated by this mantle than the broad vale, and when
the land was again elevated the ancestral Connecticut, Delaware, Susquehanna, and
Potomac rivers discharged into a slightly depressed trough. Had there been no
tilting in either direction in this uplift these rivers would have overflowed the
barrier afforded by the wold and the more or less completely filled, narrow, trans-
verse valleys and cut new channels directly to the sea; but if there was tilting in
either direction the rivers would have flowed down the vale in direction of the tilting
and finally escaped seaward through the partly filled depressions of lower transverse
stream valleys. As these streams were favored by softer strata and by greater
volumes, they maintained their ascendancy over the smaller streams which developed
east of the crest of the Perrineville Wold, and so persisted in their deflected courses
(P1. VI, B). '

In much of Virginia and North Carolina where the more recent deposits overlying
these Cretaceous beds have not heen removed, no such deflection of the rivers occurs;
but in Alabama where this mantle is no longer present the Coosa is deflected into an
east-west course at the point where it leaves the older land; farther north the Ten-
nessee is deflected under conditions very similar to those on the North Atlantic coast.

Two other explanations have been offered for this deflection, the first by McGee,*
and the second by Darton.? In the first the deflection is attributed to faulting and
in the second to the action of coastal bars. In the first case it must be regarded as a

a McGee, W J, The geology of the head of Chesapeake Bay: Séventh Ann. Rept. U. 8. Geol, Survey, 1888, pp. 616-634.
b Darton, N. H., Jour. geol., vol. 2, 18%4, p. 581; also Newsom, J. F., The effect of sea barriers upon ultimate drainage:
Jour. Geol., vol. 7, 1899, pp. 445-451.
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very strange coincidence that a fault should follow the curved line of strike of the
Cretaceous when this is not parallel to the mountain chains and produce a valley just
where a vale should be produced by differential erosion. Moreover, the rock surface
beneath the plain and the remnants of the old surface preserved in the crests or flat
tops of the hills through New Jersey show no break such as would have been pro-
duced by a fault.

Darton’s explanation was proposed when further field work had proved the non-
existence of this hypothetical fault, and was based on the prevailing southward drift
~ of the sands of the Atlantic coast. This is assumed to have prevailed since early
Cretaceous time, and to-have produced the ultimate deflection of the rivers by build-
ing spits or bars along the shores. There are two objections to this hypothesis: (1)
it does not explain why the deflection is confined to the outcrop of the soft layers of
the Cretaceous—why it does not extend continuously southward through the coastal
plain, but reappears when the Cretaceous is again exposed; (2) all the coastal bars now
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F16. 9.—Comparative maps showing deflection of streams in the Hightstown Vale and the deflection which would he pro-
duced by the large Texas bars if the land were elevated.

forming are cut by important breaks, or tidal guts, and while these might, if the land
were elevated, produce minor deflections under certain favorable conditions, they
could not cause deflections of this magnitude, and the deflections would not have the
same uniformity in direction. The long Texas bars offer, perhaps, the closest analogy
to hypothetical bars necessary for the diversion of these northern rivers, both in the
length of the bars and the size of the rivers discharging into the coastal lagoon behind
them. However, careful study of the Coast Survey charts shows that where the
rivers are carrying a moderate amount of sediment, as the Brazos and the Rio Grande,
they have extended their mouths to the coastal barrier, and that where they are not
so laden there is always a deep channel or tidal gut in the bar so situated that the
deflection on elevation would be comparatively small. The comparatively insig-
nificant effect that these bars would have in case the land were elevated 1s shown in
fig. 9. Rivers may be deflected, as in the case of the Colorado, but it is regarded as
extremely improbable that they could be deflected to the extent and with the regu-
larity of the rivers in the Hightstown Vale.
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QUATERNARY.

While during the Cretaceous and Tertiary the portion of the Atlantic coastal plain
between Cape Hatteras and Nantucket was subjected to very nearly the same
conditions and the development was therefore the same in both periods, in the
Quaternary new factors arose which affected only the regton from Long Island east-
ward, and gave to it a surficial aspect differing decidedly from thatof the other
portions of the coastal plain to thesouth. Although the several ice advances directly
affected Long Island and the region eastward, none of them reached the coastal
plain of New Jersey and Maryland, and here the only records of Pleistocene time
are therefore the terraces formed in such positions that they were not destroyed by
subsequent submergences. o

In the region affected by the glaciers the following divisions of the Pleistocene
have been recognized:

TaBLE I1I.—Pleistocene formations on Long Island.

Division. Characterization.

Wisconsin stage. ... . ... ... ...
Late: Harbor Hill Moraine.
Early: Ronkonkoma Moraine.

Glacial: Formation of two lines of terminal moraines, w1th
accompanying outwash and kettle plains.

Vineyard interval. .. .. ... ... ... ... Interglacial: Elevation of land 150 to 200 feet above the present
- sea level, and profound erosion of Tisbury. ‘

Tisbury stage. . ... . coiiiiii i Glacial: Depression 200 to 250 feet below sea level, and forma-
tion of great deposit of outwash sand and gravel.

Gar dmm mterval-. ... .. ... ... Interglacial: Land sommewhat lower than to-day; erosion of
folds produced by the Gay Head folding.

Gay Head folding. .. .. ... ... _. Glacial: Folding of surficial portions of all older formations.

Sankaty stage. ...l Interglacial: Formation of elay and sand beds with land slightly

above the present sea level.

JAIeco SEAZC. - - o e e Glacial: Partial filling of Sound Vallcy in western Long Island,
and deposition of gravel with large bowlders on Gardiners and
New England islands.

Post-Mannetto and pre-Jameco erosion ..... .} Interglacial: A long erosion period, with land about 300 feet
above the. present sea level. .

Mannetto stage. . Glacial: Depression of 300 leet; deposition of old gravel in
West and Wheatley hills. ‘

MANNETTO GRAVEL.
CONDITIONS OF DEPOSITION.

Following the long post-Lafayette erosion epoch, when the drainage was approxi-
mately as shown in P1. VI, B, the land was submerged to a depth of about 300 feet
at Long Tsland, and a mantle of gravel and loam spread over the irregular surface
developed during the Tertiary. '
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CIIARACTER OF DEPOSITS

In this region these deposits are for the most part composed of quartz gravel,
but contain also some vety much decayed pebbles and bowlders of probable glacial

origim, in which respect they agree with the earliest Pleistocene deposits which
Salisbury has recognized in New Jersey.

PRESENT DISTRIBUTION

Because of the destructive and reconstructive effects of the succeeding periods
the deposits of this age are now recognizable, as a rule, only 1n the higher levels, and
the typical examples on Long Island are, therefore, on the highest hills of the pre-

Pleistocene, as 1n the Mannetto (West) and Wheatley hills, from the first of which the
formation has been named.

POST-MANNETTO AND PRE-JAMECO INTERVAL

Followimng the deposition of the Mannetto gravel the land was again lifted, this
time to a height of something of over 250 feet, and the work of the preceding eroston
epochs was continued The Mannetto deposits were to a large extent removed and
the valleys somewhat deepened.

JAMECO GRAVEL

CONDITIONS OF DEPOSITION

The ice sheet, again advancing, appears to have about reached the present
north shore of Long Island, and to have extended well down toward Block Island

and Marthas Vineyard On

2
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was deposited along the
north shore and in the region to the east, but not south of the nucleus of older

upland. The deposits are then thickest i and near the old valley; they are poorly
developed on the south shore east of this valley, but reappear in force on eastern Long
Island and the islands to the east, where they have been brought up by folding.

CHARACTER OF DEPOSITS

In western Long Island the Jameco gravels consist of dark-colored sands and
gravels that vary, considerably in coarseness and are distinguished by the small per-
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centage of quartz which they contain. Even the surface gravel, which represents
the outwash when the ice was but a few miles to the north, contains a very
much higher percentage '
of quartz; the only gravel
beds on the island resem-
bling these occur in the
Wisconsin deposits in and A
north of the moraine. So - &
pronounced was the gla- o

cial character of these old Cretaceous cluy; (1) fine gray micaceous sand (Cretaceous); (2) Jameco gravel;
gra,vels that when they (3) red clay (Sankaty); (4) silty sand (Sankaty).; (5) Wisconsin till and outwash

. gravel. Height of section, 60 feet,
were first examined it
was thought they surely represented surface Wisconsin deposits, and that some.
careless clerk had inverted the tube and labeled it upside down;“ but this theory
became untenable as well record after well record was examined, -and all, in
certain regions, showed the following succession:

Geologic succession in wells in western Long Island.

1. Quartz sand and gravel with a noticeable percentage of erratic material (Wisconsin),
2. Quartz sand, gray or yellow, with little if any material of recognizable glacial origin (Tisbury).
3. Blue clay with wood (Sankaty). : ’
4. Dark, multicolored, highly erratic gravel (Jameco).
East of this valley and the delta-like extension at its opening the only repre-
' sentatives of this period
arc the normal coastal
sands and gravels simi-
w lar to the beds above
and below, and seldom
separable from them.
At Gardiners Island
and on Marthas Vine-
_ _ yard the percentage of
fine, yellow, gravel is much greater, and the beds contain very large bowlders of
compound quartz crystalline rocks, indicating the nearness of the ice. These beds,
which are here brought up by folding, are likewise separated from the younger
gravels by the clay deposits of the Sankaty (figs. 11, 12).

Fi1G. 12.—Section on west side of hollow which afforded the section in fig. 11, about
200 feet farther west. The numerals indicate same beds as in fig. 11.

PRESENT DISTRIBUTION.

On the north shore the Jameco beds have been considerably eroded and dis-
turbed and are not always readily separable from the succeeding deposits. Occa-
sional remnants of considerable local importance as sources of water supply, how-
ever, have been encountered, as indicated in the well records.

On the south shore where the Jameco beds have not been eroded and are
typically developed in the region of the old valley (fig. 10) they form one of the
most important water horizons of the island. '

“The samples of the borings of the Brooklyn waterworks are preserved in the Municipal Building, Brooklyh, N. Y., in
glass tubes representing miniature reproductions of the borings.
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SANKATY FORMATION.

CONDITIONS OF DEPOSITION.

The effect of the Jameco epoch was to partly fill the Sound Valley on western
Long Island and to spread a relatively thin cover of gravel and sand over the arcas
not in the lee of the old land masses. With the continuance of the progressive
subsidence, which appears to have begun near the close of the post-Mannetto
erosion iterval, the coarser beds of the Jameco were succeeded by finer sediments,
and as the ice retreated, temperate water forms similar to those living to-day
occupied the waters. The land stood about 50 feet higher than to-day, and there
existed an ancestral Long Tsland rudely resembling the present island. The beds
forming nedr its shore were predominantly swampy and in many ways similar to
those accumulating on a minor scale at present. These swamp conditions gave
place in deeper water to more truly marine ones, where marine forms weré included,
in greater or less numbers, in the sediments deposited.
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the Sankaty, Jameco, Cretaceous, and “hed rock.” TFigures correspond to those used on Pl. XXIV and in
Chapter IV .

CHARACTER OF DEPOSITS.

These sediments therefore vary from truly swampy deposits on the one hand to
relatively fine sands and clays, which show no trace of swamp origin, and which con-
tain shallow-water mollusks on the other; thus on westérn Long Island, where the
partly filled channel of the Sound Valley favors the formation of swamp deposits,
there are irregular beds of dark-colored clay (figs. 10, 13), containing considerable
lignite and lignitized wood, occasional lenticular beds of silty sand and gravel
from 5 to 10 feet thick, and, toward the coast, a lew marine shells. On the other
hand, the beds of this age on Gardiners Island (figs. 14, 15), which have been brought
up by folding, were formed farther from the shore, contain no lignitic material,
and carry a good molluscan fauna. In general this formation is about 50 feet
thick, although some of the Brooklyn waterworks test borings show a thickness
of 150 feet near the 'axis of the old valley.

PRESENT DISTRIBUTION.

The Sankaty deposits, like the Jameco, occur ‘on the north shore merely as
erosion remnants, more or less disturbed by folding, and associated with some-
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what similar Cretaceous deposits. They afford some of the ldeal clay layers which
are the retaining layers in some of the shallow north shore artesian wells (fig. 16).

On the south shore these beds are most typically developed in the region of
the old valley, where they form the retaining layer for the water in the Jameco
gravels (fig. 13). East of Springfield they are less typical, although well developed
at the Queens County Water Company’s plant and under Rockaway Ridge.
Their presence is suggested by the silty clays overlying the artesian horizons at a
number of the Brooklyn plants east of Millburn.

GAY HEAD FOLDING.

DESCRIPTION.

The exact conditions immediately following the deposition of the Sankaty
are not known, but there is no evidence indicating that the relative positions of

F1G. 14.—Section at Tobacco Point, east side of Gardiners Island, N.Y. 1, Cretaceous; 2,-Jameco gravel; 3, red clay (San-
katy); 4, fossil bed with bowlders (Sankaty). Height, 20 fect; length, 1,200 1 feet. Surface beds omitted.

the land and sea were materially changed. The increasing sandiness of the upper
part of the Sankaty on Gardiners Island suggests a slight change from the progress-
ive subsidence which began in the '
post-Mannetto interval, but the e .

change was not of a very great -~ \

order. The important and dis- o
tinctive feature of this period is Y
the wonderful folding and disturh- e
ance of the heds along the north .
shore of Long Island and the
islands eastward. These folded
and faulted strata can now best
.be seen at Gay Head on Marthas
Vineyard(fig. 17)and on Gardiners
Island (figs. 11, 12, 14, 15). At y
Gay Head Woodworth has very
carefully worked out a section
showing a deformation of more
t'ha’n 200 feet and a wonderful FIG. 15.—Section near Cherry Hill Point, Gardiners Island, showing

series of closely compacted folds  location of fossil-earing stratum. 1, Laminated red clay and sand;

and faults. On GardinersIsland  %m0/getmy brow, aed vello sunds &, dory sllowistrbroun,
the folds are as complicated as

on Marthas Vineyard, and the opportunities for study even better. It is regarded
as particularly unfortunate that time was not available in which to work out the
detailed maps and sections, which are urgently needed at this locality. At present
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it can only be stated that while the axes of a series of adjacent folds are generally
parallel, they are not parallel to the axes of a series at no very great distance.
Thus, near the center of the northeast shore a series of four folds was seen whose
axes are N. 20° W., while a little farther east, near Eastern Plain Point, the axis
of three or four sharp overturned folds is almost duc cast and west.

Rics observed a similar folded structure on Fishers Island, where excavation
has shown that the folding does not extend downward over 20 or 30 feet.” On
Long Island, near Orient, Mather observed the same phenomena (fig. 18) and
noted their superficial character.® Some folding and disturbance of strata can be
observed in nearly all of the outerops of the older beds on the northshore, among which
should be noted particularly those near Lloyd Beach in Cold Spring Harbor, at the
southern end of Center Island, and at Glen Cove and Sea Clift. In these regions well
borings have clearly shown that the folding is entirely superficial (Pl. II, fig. 16).

OAUSE OF FOLDING.

In studying the cause of this folding four principal points need to be considered:
(1) As the folding involves glacial deposits, it is clearly Pleistocene; (2) it is essen-
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F1G. 16.—Cross section through Oyster Bay and Center Island, showing relations of clay and water-bearing horizons encoun-
tered in the Oyster Bay wells to the Cretaceous clays and Lloyd gravel in the Center Island wells.

tially superficial and, therefore, can not be of orogenic origin; (3) it occurs wholly
in a glaciated region, other portions of the coastal plain showing no analogous phe-
nomena; (4) the general direction, as well as the local irregularities of the folds,
are such as would be expected from ice thrusts. To account for these folds three
theories have been advanced: (1) That they are due to landslips;¢ (2) that they
were formed by mountain-building forces;# (3) that they were produced by the
lateral shove of a continental ice sheet.c
It is well known that landslip or hill creep can produce local disturbances of

considerable importance, and these phenomena may be observed to-day in all bluft
sections or steep slopes in this region, particularly at the Broken Grounds or Ragged
Ground near Fresh Pond north of Northport (Pl. VII). At these places, however,

¢ Bull. New York State Mus No. 35, 1900, p. 603.

b Geology of the First District, 1843, pp. 249, 259.

¢ Mather, W. W., Report of the first district, 1843, p. 249. Dana, Manual of Geology, 1895, p. 1021,

d Shaler, N, 8., Seventh Ann. Rept. U. 8. Geol. Survey, 1888, pp. 343-47; Bull. Geol. Soe. Am,, vol. 5, 1894, pp. 199-202;
Bull. Geol. Soe. Am., vol. 6, 1895, p. 7. Dana, Manual of Geology, 1895, p. 934.

¢ Merrill, F. J. H., Proc. Am. Assoc. Adv. Sci., vol. 35, 1886, pp. 228-229. Hollick, Arthur, Trans. New York Acad. Sei., vol.
13, 1894, p. 123; Bull. Geol. Soc. Am,, vol. 6, 1895, pp. 5-7. Ries, Ileinrich, Bull, New York State Museum, No. 35, 1900, p. 603.
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the folding is essentially local, and presents neither the characteristics nor the
magnitude of the occurrences at Gardiners Island, Block Island, and Marthas Vine-
yvard, where the materials have been forced up—mnot let down. Morecover, no
analogous foldings occur in the southward extension of the coastal plain beyond
the limits of 1ce action. : .

The theory of orogenic origin is not only ruled out by the superficial character
of the folding, but has other insurmountable objections.
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FiG. 17.—Cross section at Gay Head, Marthas Vineyard. After Woodworth., A, Cretaceous; B, Miocene, with probably
Pliocene; C, FJameco and Sankaty; D, thrust planes and faults. Surface morainal deposits omitted. Height, 120 feet;
length, 1 mile .

The only hypothesis which explains all of the phenomena observed is that
the folding was produced by the thrust or drag of a continental ice sheet. As
the major portion of the folding occurred at one time, or in the same epoch, and
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Fic. 18.—Sections exposed at Browns Point after storm of October 11 and 12, 1836. After Mather, 1843.

as later deposits show only minor disturbances, it is necessary to suppose that the
conditions were more favorable during the Gay Head stage than during the Wis-
consin stage, which is the only other advance which approached this one in extent.
Among the conditions which may have been effective in producing this difference
in results, the following may be enumerated: (1) The ice producing this folding
extended farther south than any previous advance, and therefore was resisted by
more of the original irregularities of the surface; (2) the clayey character of the
strata against which it pressed was particularly favorable for the production and
preservation of the folds, while before the Wisconsin all the older beds had been
covered with a heavy mantle of Tishury gravels which did not lend themselves
so readily either to deformation, or the preservation of records of deformation.
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In the two most noted examples of disturbance by glacial action in Europe—
the Norfolk Cliffs in England, and the cliffs of the islands of Méen and Riigen ¢ in
Denmark and Germany—the conditions were very similar to these in this region.
The ice, coming from the harder, pre-Cretaccous rocks, passed across a depression,
which ‘may have been filled with water, and, impinging against the higher upper
Cretaceous beds covered with glacial sands and clays of a former advance, produced
very remarkable dislocations and contortions. The Cretaceous chalk, being more
brittle than the Cretaceous clays of the coast of the United States, was more olten
broken, and great masses were pushed up bodily and commingled with the glacial
beds.

The sane suggestions of origin have been proposed for these European ice-
made folds and faults, with the addition, in England, of an iceberg hypothesis.
This theory, first: proposed by Lyell,> was widely adopted in England, and it was
not until the extended, careful work of Reid that it was shown to be untenable.

GARDINER INTERVAL,

After the Gay Head folding the. tops of the folds were truncated. While
this truncation might be produced by the overriding of the ice, the exposures on
Gardiners Island show no evidence that it was accomplished in this manner. The
truncation is clean, not dragged as it would be if it had been produced by ice,
and bears all the aspects of having been produced by water erosion, Woodworth
has arrived at a similar conclusion from a study of the exposures on the New
England islands, and feels that a considerable erosion period is indicated.© The
truncation, as was first observed by Mr. Tsaiah Bowman, is more nearly that
which would be produced on a slowly subsiding coast by wave action than that
caused by stream erosion at a high level. Of course, very long-continued erosion
would eventually produce a base-level condition, but the decapitation of the folds
on such limited areas as Gardiner, Block, and Nantucket islands, and Marthas
Vineyard, under suc¢h favorable conditions as must have existed there, would be
much more quickly and normnally accomplished by wave action than by run-off.¢
It is therefore felt that the land during this erosion interval, instead of standing
higher than to-day,” was 50 to 100 feet lower. As the name Gay Head belongs
more properly to the folding 7/ than to the erosion interval which followed, the
name Gardiner interval is suggested for the latter, from Gardiners Island, where
the truncated folds can be well observed.

a Johnstrup, F., Uber die Lagerungsverhiiltnisse und die Hebungsphinomene in die Kreidefelsen auf Méen und Riigen:
Zeitschrift Deutschen Geol. Gesell., Band 26, 1874, pp. 533-585. Reid, Clement, The glacial deposits of Cromer: Geol. Mag.,new
series, vol. 7, 1880, pp. 55-6G6, 238-239; The geology of the country around Cromer: Memoirs Geol. Survey EKngland and
Wales, 1882. Geikie, James, The Great Ice Age, 1894, pp. 339-341, 426-430.

b Lyell, Charles, On the bowlder formation or drift and the associated fresh-water deposits composing the mud cliffs of
eastern Norfolk, L.ondon, and Edinburg: Phil. Mag., vol. 16, 3d ser., 184¢, p. 379,

¢ Bull. Geol. Soc. Am., vol. 8, 1897, pp. 207-211.

d See references to destruction of European coast by wave action in Lyell, Principles of geology, vol. 1, 1872, pp. 507-564;
Geikie, Text-book of geology, vol. 1, 1803, pp. 571-593; also Chamberlain and Salisbury, Geology, 1904, pp. 326-331; Shaler,
Sea and land, pp. 1-30; Tarr, Physical geography, pp. 332-333.

e Seventicenth Ann. Rept. U. 8, Geol. Survey, pt. 1, 1896, table facing p. 988.

JSee usage of "“Gay Head diastrophe,” by Woodwortl, Bull. Geol. Soc. Am., vol. 8 1897, pp. 207-21C. FProfessor
Woodworth writes, December 5,1904: “ In regard to the use of the phrase “ Gay Head folding *’ or its synonym, *‘ Gay Head
diastrophe” Lagree with you that it isdesirable to restrict it to the mere fact of the episode of the dislocation and to free
it from theidea of crosion which followed the time of folding. 1t was an oversight on my part in not specifieally abandon-
ing the earlier term of the ™ Gay Head interval,”’ which covered the whole question of the unconformity.”
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TISBURY (MANHASSET) GRAVEL

CONDITIONS OF DEPOSITION

The subsidence that began near the close of the post-Mannetto crosion mtervai,
and gradually mncreased” during the Jameco, the Sankaty, the Gay Head, and the
Gardiner culminated in the Tisbuiy epoch, with a total depression of 200 to 250
feet below the present sea level The 1ce again advancing passed beyond the
continental border and deposited great beds of outwash gravel i the border of
the sea and around the higher parts of Long Island, then a group of rather small
1slands  As these deposits were perhaps laid down to a great extent by a
retreating 1ec sheet, 1t 1s possible that the ice extended south of the Sound and
that the gravel capping the Half Hollow Hills south of the Wisconsin deposits,
and lapping around the southern edge of the West Thlls was deposited m this
earlicr greater advance The greater portion, however, was formed when the
ice was but a shoit distance north of the present shore, the northern edge of
these deposits terminating along this hne in the rather abrupt scarp of a sand
plain  The deposition took place very near sca level, and at times the submergence
was sufficient to allow floating 1ce Such conditions are thought to have
controlled the formation of the bowlder bed in the midst of the stratified gravels
im the region about Hempstead Harbor and caused the wregular distribution of
bowlders through beds of the same age on Marthas Vineyard (See Pl VIIIL)

CHARACTER OF DEPOS[15

The deposits of this epoch consist of quartz sand and gravel, containing a
relatively small proportion of shghtly weathered compound crystallme pebbles.
They he horizontally on the truncated folds produced by the Gay Head folding and
Gardiner erosion and are separated from the Wisconsin deposits by a marked
unconforuuty  On Long Island they differ from the Jameco mn the small amount
of erratic material which they contain and from the still older Mannetto in the
very shght weathering of the compound pebbles These lithological distinctions
can not, however, be regarded as absolute, and confirmatory stratigraphic evidence
must be sought 1 all cases

PRESENT DISTRIBUTION

Woodworth has shown that on the north shore of Long Island the Tisbury
sands were deposited as a comparatively level, plateau-hke plamn, reaching a height
of over 200 feet In this region the beds are most characteristically developed and
attam a maxunum thickness of 150 to 250 feet Deposits are commonly thinner
near the axes of the pemnsulas and thicken toward the valleys, as would be
expected from thew deposition over an antecedent topography

The surface exposures show that the Wisconsin is relatively tlin, and while
there 15 always a chance of correlating some Mannetto or Cretaceous with thus
gravel, or of mncluding stratified sand and gravel of Wisconsin age, the following
table may be regarded as giving a faw approxmation of the thickness of these
beds in this region.
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TaBLe ITI.—Thickness of late Pleistocene deposits in wells on the north shore of Long 1 sland.

Noa Location. (;E;I’)tt%l_ \%ie:::nbs‘icg- Tisbury.
151 | COPONA. . oot e e e e e 190 ? 90+
239 ¢ Whitestone. .. .. .. e i a5 25+ ?
241 |..... 6 o T 120 15 45
246 | Flm Point. . o .. 104 12 44+
247 V... do. 67 30 3617
326 | Thomaston. . .. .. .. e 79 27 14
457 | Glen Cove...... .. 186 9+ 149
459 | oL el 170 | 41 109
460 |. .. .do- e e 108 7. 90+
465 | Dosoris.. .. ... e i e 215 61 100+
476 | Lattingbown - .. ... . ... ... Ll 265 7 100
a77 |l doil U e e 110 ? 100
484 O e e e 108 0 108+
485 ~’--...d0 ................................................... 110 0 100+
564 Mill Neck. . .o oo o e .. 330 ? 100+
596 Cold Spring Harbor. ... .. ... . ... _ .. . .. ... ..., 228 0 190
601 J ..... do. o il 195 0 195+
613 e 1 176 14 86
624 | Huntington.........__........... et e 181 80 75+
628 \..... do. ...l e i . 498 10 78
629 ' ..... 6 o T 97 25 60
633 | Lloyd Point.. ... ... ... . ...l 250 0— 95)
651 | Huntington. ... ... ... . ...l 102 ¢ 102
652 ... .. do. oo e 75 10 70
654 | Centerport ... ...... . .. . .. ... ... P 185 (. vevnl .. 175
659 | Greenlawn . .. ... . . ... ..., . 186 0 b 186
6060 | Northport . . ... .. . .. 196 0 196
666 | Little Neck ... ... ... 143 . ......... 130
667 |..... o 127 ... 127
683 | Kings Park ... ... .. .. e 152 4 152
686 | Fort Salonga. ... .. .... e e e e 120 ¢ 115
68T |..... 1 106 2 106+
720 | Smithtown. .. .. .. ... 2120 - 0 130
724 | Stony Brook ... S . 110 0 110
750 | St.dames. . ... e 150 601% 90
751 |..... s o J ettt eiceaaeeaa 250 30 ¢ 2201
763 | Setauket... ... .. ... .. ... .. ... ... e e - 320 0 85
811 | Port Jefferson. .. .. ... o.ooo i i e 370 111? 270
825 | Wardenelyffe. .. .. ... . ... il e 347 ? 135+
892 | Greenport... ... ... 690 20 80

a These numbers correspond with those used in Chapter IV, where additional details will be found.
b Qutwash and Tisbury.
¢ Glacial, may be in part older than Tisbury.



VINEYARD INTERVAL, : 43

On the south shore the thick beds of sand with only a slight percentage of
glacial material, which occur between the Sankaty clay and the surface Wisconsin
gravel, are regarded as largely Tisbury.

' VINEYARD INTERVAL.“

.

CHARACTER OF SURFACE AT BEGINNING OF INTERVAL.

On TLong Island the Tisbury deposits to a large extent buried the older
topography. They continued the filling of the Sound Valley across westérn Long
Istand, which was begun in the Jameco epoch, and buried the deep valleys which
had been developed in the northern portion of Long Island by streams flowing
into the Sound River. 1t does not seem probable that the deposits extended
entirely across the Sound, as they would have done had they been normal marine
deposits. _

MAJOR DRAINAGE.

With the retreat of the icc and the elevation of the land the rivers from the
mainland discharged into the depression overlooked by the sharp edge.of the .
great Tisbury sand plain. The old channel
across western Long Island having been com-
pletely filled by these deposits, the Housa-
tonic must have discharged either through
- East River or to the east. The latter direc-
tion is indicated by the soundings in Long
Island Sound.”? Dana has suggested that
those soundings indicate that the river crossed
the North Fluke near Mattituck. If such
was its course, it probably continued south- e, 10.—Diagram illustrating factors giving spring
ward as indicated in Pl. VI . There iS phenomena great power in reexcavating the north

shore valleys,
however, no reason for regarding this course
as any more probable than a continuation eastward to a juncture with the Con-
necticut,

The normal course for the Connecticut under these conditions would be
betwecn Plum and Fishers islands and Montauk Point and Block Island, and the
present deep channel between these points is believed to be ultimately traceable
to this cause. Moreover, the soundings of the Coast Survey show, at a depth
which other considcrations caused to be selected for the supposed shore line during
this epoch, a distinct deltaform projection at the point where the Connecticut
must have discharged (Pl VI, D).

REEXCAVATION OF THE.- NORTH SHORE VALLEYS.

With the establishment of these new drainage lines the reexcavation of the
valleys on the north shore began along lines determined by the position of the
buried valleys of the northward-flowing streams of the pre-Tisbury epoch. This
reexcavation was greatly aided by the great porosity of the materials filling the val-
leys, which concentrated the underground waters in the older depressions and gave

a Woodworth, Seventeenth Ann. Rept. U. 8. Geol. Survey, pt. 1, 1896, p. 979.
bDana, Am. Jour. Sci., 3d series, vol. 40, 1890, pp. 426-431.
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rise to large springs ¢ (fig. 19). According to this idea the deep reentrant valleys
on the north shore represent only partly resurrected pre-Jameco valleys, whose
upper portions are still partially buried and whose present heads represent the
limit to which the Tisbury sand and gravel has been removed, with perhaps some
minor modifications produced by the Wisconsin ice.

LENGTH OF INTERVAL.

The amount of erosion represented is many times greater than that accomp-
lished in post-Wisconsin time, though considerably less than that inferred to have
been accomplished in the post-Mannetto or post-Lafayette.

N

WISCONSIN EPOCH.
CONDITIONS OF DEPOSITION.

At the close of the long Vineyard erosion interval the ice again advanced,
passed over the irregular remnants of the Tisbury beds, rounded out, but did not
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F16. 20.—Sketch map showing relative posmom of theice during the Ronkonkoma and Harbor Hill stages of the Wisconsin
period.

greatly modify, the valleys redeveloped in the Vineyard interval, and extended
southward to the remnants of the Perrineville Wold, page 31 (Pls. V and IX, A4).
As the Wisconsin deposits have not been greatly modified by erosion nor buried
under nor commingled with younger deposits, the records of this ice advance
are much more complete than thosc of the preceding periods. It is known that
the ice advanced to a line roughly extending {rom Long Island City to Montauk
Point, Block TIsland, Marthas Vineyard, and Nantucket (Ronkonkoma moraiie,
fig. 20); that it then retreated and, the relative source of supply changing, advanced
along a different line, passing the first advance in western Long Island, but not
reaching it from Lake Success eastward (Harbor Hill moraine).® The ice then
retreated and the records of its minor halts have been found by Woodworth near
'Port Washington and College Point.

aOn the effect of springs, sce Mather W.W., Geology of the first district, 1843, p. 33; Stone, Mon. U. S Geol Survey,
vol. 34, 1899, p. 19.

b Woodworth, Bull. N. Y. State Mus., No..48, 190[, pp. 641,642,
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CHARACTER OF DEPOSITS.

. The Wisconsin deposits on Long Island do not differ in any respect from
those ‘on the adjoining mainland, which have been fully described by Salisbury
in his report on the glacial geology of New Jersey.© They show the same major
divisions of till (unstratified drift or bowlder clay) and stratified drift, forming
terminal moraines, till plains or ground moraines, outwash plains, kettle plains,
deltas, etc. Terminal moraines (Pl. IX, B) represent more or less hilly accumu-
lations formed at the end of an ice sheet during a halt; they are for the most part
composed of till or unstratified material, but may under some circumstances show .
considerable stratification, when they become known as kames. Deposits which
are formed under the ice, or when the ice is moving at such a uniform rate that it

- does not, form a hilly accumulation in well-defined belts, are called till plains or

ground moraines. When the ice is melting rapidly the outflowing water carries
off a great amount of detrital material, which is spread out as alluvial fans, and
when many streams are concerned in this action the adjoining fans coalesce and
give rise to a comparatively level plain, called a sand or outwash plain, at the edge
of which the more important fans produce a distinct lobate eflect. If detached
masses of ice are buried in this outwash plain, when the ice retreats these masses
melt and produce a pitted or kettle plain. Deltas diller from sand plains in their
more limited size and in the fact that they are formed in water by one major stream
rather than by a great number of streams of about the same size.

The materials composing these several types on Long Island are largely derived
from the local beds, for the most part from the Tisbury, and it is therefore not
always possible to distinguish between the Tisbury and the reworked Tisbury
belonging to the Wisconsin. The Wisconsin, however, as a rule contains a greatcr
percentage of erratic material, shows decided morainic characteristics, and presents
more or less pronounced topographic and stratigraphic distinctions.

Thickness.—The deposits of the Wisconsin, although widespread, are rela-
tively thin. The till, which is regarded as its most characteristic deposit, has a
thickness of 100 feet in places, and averages perhaps 10 to 20 feet. The extreme
thinness of the Wisconsin can be well observed along the north shore, where the
waves expose bluff sections. In the outwash plains the distinction is not so sharp,
and considerable difficulty is experienced in drawing a line between the Tisbury
and the Wisconsin outwash. If the more erratic portion of the plain is regarded
as Wisconsin, the thickness of the deposits increases from only a few feet near Babylon
to 192 feet at Rldgewood (fig. 10).

In the following table the more noteworthy occurrences have been brought
together. Additional-data will be found in the table, page 118, and i in the detailed
Well records, page 168.

a Final Rept. State Geol. New Jersey, vol. 5, 1902.
17116—No. 44—06—4
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TapLE 1V.—Thickness of Wisconsin deposits on Long Island.

Wisconsin.
Pleistocene
No.« Location, (Recent to Tisbury. Remarks.
! Mannctto). T Stratified
: gravel.
3 | Brooklyn (sewer tun- 90+ 80 10+ ... .....
nel) Sixty-fourth
and Sixty-second
streets. _
23 | Brooklyn .. ._._..... 135 45 904 |l Stratified gravel may be in part
Tisbury. .
41! dor ... 904 60 305 ... Do.
42 1| ..... do.............. . 84+ 18 €5 T
44 ' L. do.............. 60-- 60+ ...
a6 ' do..............l 604 | 21 394 ...,
35 ... .. do. ... ... 275 4 23 S N Sand from 23-105.
32 . ... do......._.___.. 105-- 0 ) R All sand.
141 | Ridgewood.... ..... 284-1. (t 1924 ... ..
137 | Spring Creek......... 149-+ 0 97+ 29
201 | Jameco. ... .. ..... 160-4- 0 S0 55
196 | Springfield........... 180+ 0 25 53
162 | Woodside........... 138 ? 38+ (" (?) ‘
326 | Thomaston... . . .... 42 27 (t) 15
369 | Manhasset Neck...... (H p2/ T R R
368 !..... do. ... ...... (M 0 (M) 80+
437 | Roslyn.............. 100 0 (H 100+
435 | Wheatley Hills. . ... .. 40 40 (V) ¢2)
S 80 80 0 (%)
431 {....do . ............ 149 106+ 0 151
ceodoo . 90+ 90 ... [P
751 | St. James........... 250 30 ... ‘ -------- }Vcry few wells report till in this
750 ... .. do.............. 1504+ 60 (V) 90— region.
760 | Setauket............| 62 2% ... S :
765 | Port Jeflerson........ 50-- 20 ... | 30+
764 ... .. do....... .. . 404 20 |.......... | 20 |-
818 | Middle Island........ 39-+- 39 |.......... .
894 | East Marion......... 50 38 ‘ 124+
884 | Shelter Tsland... ..... 53 12 | L
908 |..... do............. 76 30 L....... 46

a Numbers correspond to those used ont P1. XXIV and in Chapter IV, where additional data will be found.
DEVELOPMENT OF TOPOGRAPHIC FEATURES.

The effect of the Wisconsin deposits on the topography of Long Island is almost
everywhere visible. It is shown in the many local details, which in the aggregate
are so pronounced that they cause one to lose sight of the fact that the major topo-
graphic features are older and that the Wisconsin deposits have caused but surface
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changes in the topography of the island. Even had there been no Wisconsin ice
and no terminal moraine Long Island would have existed and would have been
roughly similar to the island of to-day. The island would have had a “backbone”
and would have shown pronounced cliffs on the north shore, but many of the steep
hills rising about 50 feet above the surrounding country would have been absent,
as would the many lakes in funnel-shaped depressions and the immense bowlders
which add so much to the picturesqueness of certain areas. These cffects have
been produced largely by transportation and deposition, though some features are
traceable to erosion and folding.

Transportation and deposition.—The general effect of the Wisconsin epoch was
to build up rather than to tear down. In some places it added materially to the
relief, as in Brooklyn, which, without the moraine, would have been comparatively
flat. In others, as in the West Hills, the older topography was so pronounced
that it was not materially affected. The two lines of morainic hills, which have
at times been regarded as the main skeleton of Long Island, are as a whole to be
regarded as only surface deposits which are recognizable because of their peculiar
minor topographic forms.

Associated with these morainic hills are kettle-shaped depressions, now the
sites of many lakes, representing the positions of buried ice blocks which melted
when the ice retreated. These depressions contain water when they satisfy either
one of two conditions: (1) When they are lined with relatively impervious strata,
which prevents the rapid outward passage of the water falling in them or draining
from the adjacent hills, as Lake Success; and (2) when a portion of the depression
lies below the main water table (pp. 61-63). Inthe latter case the level of the water
represents the main ground-water table, and the character of the sides is therefore
immaterial. TLake Ronkonkoma is an example of this class. '

Erosion.—One of the most marked features of the southern plain are the dry
stream channels shightly creasing it. These are now generally regarded as the work
of glacial streams of late Wisconsin age. They are clearly not due to causes now in
operation and contain streams only in their lower portions where the valleys cut
the ground-water table. '

Folding.—The wrinkling of the beds on Long Island by the Wisconsin ice was
slight compared with the Gay Head folding, from which, as a rule, it may be readily
separated. The most evident wrinkle, and the one which is of grecatest topographic
importance, is a low ridge which extends from Far Rockaway to. Lynbrook. On
the one hand the Sankaty clay underlying it shows that it is a true fold (fig. 13),
and on the other the coarse Tisbury gravel at the surface shows that the folding is
post-Tisbury, for had a fold existed in Tisbury time this coarse gravel would have
been deposited in the hollow rather than on the crest. The axis of this fold is,
moreover, exactly parallel to the Wisconsin moraine to the north, all of which
indicates that it is due to the weight of the Wisconsin ice. The Sankaty clay,
with its underlying water-logged gravel, furnished the favorable conditions nec-
essary for the production of a phenomenon of this sort.

" The accompanying depression of Jamaica Bay is but slightly connected with
this folding. It represents for the most part a partly filled portion of the old
Sound River depression.
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POST-GLACIAL AND RECENT.

After the retreat of the Wisconsin ice the land stood somewhat above its -
present elevation. The only evidence indicating that this elevation was very
considerable is that afforded by the close botanical aflinities between the plants
found in the sand hills of New Jersey, Long Island, and the New England islands.
Hollick believes that the only explanation of this distribution is that since the
Glacial epoch a laid connection, broken only by the channels of the ITudson and
Connecticut rivers, existed for a sufficient period to allow the migration of these
plants.” This would involve an elevation of from 100 to 200 feet, and so recent
an elevation should have left very pronounced channels on the sea bottom. Thus
far no channels have been found which can be referred definitely to this epoch,
and it is this lack of corroborative evidence that is the strongest argument against
so high an elevation. There is, moreover, the natural question whether a land
connection is really necessary to account for this distribution of the ‘pine-barren
flora.”

Another line of evidence pointing to a higher elevation, though not to the
total amount, is offered hy the drowned forests along the south shore and by the
less conclusive though corroborative phenomena of barrier bars and receding sca
chffs. While buried vegetable deposits, barvier bars, and receding sea cliffs may,
and often do, occur under conditions which do not indicate subsidence, the evi-
dence at this point will bear no other interpretation.® The tree stumps are not
driftwood, but are clearly in the places where they grew. The swamp deposits
are being exposed on the beach as the barrier bars migrate inland. Indian shell
heaps or “kitchen middens’ are found which arc now covered at very high tide.
Most of these data are available in the bays and marshes along the south shore,
where the conditions were particularly favorable for the preservation of records
of this sort, but even here the subsidence rccorded is scarcely greater than 30 feet.

The work of Cook in New Jersey has led him to estimate the rate of subsid-
ence at that point at about 2 feet per century, and a somewhat similar rate must
aflect Long Island.

SUMMARY.

GEOLOGIC HISTORY.

Although Tong Island is underlain by metamorphosed rocks which range
from Archean to Silurian in age and which represent a long and complex history,
its geologic history begins more properly with the Cretaceous deposits.

At this time the warping of the old land surface permitted a northward trans-
gression of the sea, into which the rejuvenated streams carried the residual material
formed in the preceding long period of erosion and weathering. In this region
the basal Cretaceous beds are of the same age as the Raritan in New Jersey and
belong to the upper Cretaceous; above these are more nearly normal sands and
clays of Cretaceous age, the whole series having an aggregate thickness of 1,300

a Hollick, Arthur, Plant distribution as a factor in the interpretation of geologib phenomensa, with special refercnce to
Long Island and vicinity Trans. New York Aead. Sei., vol. 12, 1893, pp. 189-202.
b Lewis, E., Pop. Sci. Monthly, vol. 10, 1877, pp. 434-439.
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to 1,400 feet. These beds are correlated with the New Jersey formations in part,
by paleontologic and in part by stratigraphic evidence. The great greensand
marl beds which occur in the upper part of the Cretaceous in New Jersey are absent
on Long Tsland, their place being taken by fine sands with local clay beds, indi-
cating a considerable change in the local conditions of deposition. These beds
form the substructure of the island and are responsible for its major topographic
features, the Pleistocene beds only mantling the older deposits.

During the greater part of the Eocene this part of the coastal plain was above
water, but late in the Miocene it was again submerged and received a covering
of the same beds which are now found along the New Jetsey coast. On Long
Island these beds have been almost entirely removed by erosion and are now
recognized only in the top of the West Hills section. This distribution is similar
to that found in New Jersey, of which Long TIsland is but the normal geologic
continuation; and unless there is a much greater discordance in structure between
the Miocene and underlymng beds than is now known, the Tertiary can not occur
on the north shore of Long Tsland and will be found only as elevated outliers,
with the possible exception of a portion of the South Fluke. '

After the early Pliocene erosion interval the Appomattox or Lafayette
formation was spread as a littoral deposit over the coastal plain. Deposits of
this age have not been recognized on Long Tsland, unless they are represented
by the Mannetto, which is regarded as younger—probably Pleistocene. . In the
succeeding very long erosion interval the land stood higher than before and was
more deeply eroded. The events of the early Pleistocene were very similar to
those of the late Tertiary; the Mannetto, though containing compound crys-
talline pebbles, which have caused it to be referred to the Pleistocene, is appar-
ently a littoral deposit, similar to the Lafayette, and the succeeding long erosion
period resembles to a great degree the late Pliocene (post-Lafayette) erosion inter-
val. On Long Island the results would have been essentially the same, whether
there was one submergence and one erosion or two submergences (Lafayette and
Mannetto) and two érosion periods. All of the beds were profoundly croded, and
in the gradual subsidence following this uplift a continental glacier advanced well
toward the north shore of Long TIsland, and the streams issuing from it deposited
great beds of gravel (Jameco) in the old Sound River Valley across western Long
Island and over eastern Long Island and the New England islands. As the ice
retreated and the submergence continued beds of sands and clay (Sankaty) were
deposited around the nuclei of older uplands. In this epoch the land stood about
50 feet higher than at present, and the climatic conditions, as indicated by marine
fossils, were much the same as to-day. A very extensive and important deglacia-
tion is, therefore, represented.

With the return of the ice in the period of the Gay Head folding some of these .
older beds were overridden and a wonderful series of superficial folds produced
which involve alike the pre-Cretaceous beds, the Jameco gravel, and the Sankaty
clay. :
yThe tops of these folds in such exposed localities as Gardiners Island and the
New England islands were then truncated by wave action, with the land about
100 feet below the present sea level. An estimate of the time involved in this
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wave cutting gives it a length of perhaps 40,000 years more than that which has
elapsed since the Wisconsin.

The progressive subsidence continued throughout the next glacial epoch, the
Tisbury, when the land was about 200 feet below the present séa level. In this
epoch great outwash gravel beds were deposited horizontally on the truncated
folds of the older deposits and around the islands of the older land.

In the Vineyard interval, when the Tisbury glacier had retreated, the lands
stood perhaps 200 fect higher than to-day, and the older valleys were partially
reexcavated, The erosion of this epoch, although very great when compared with
that which has occurred- in post-Wisconsin time, 1s very small when compared
with that of the post-Mannetto or the post-Lafayette.

After this period of erosion and high elevation the Wisconsin glacier approached
Long Island, and after an initial advance, when the ice reached a line extending
from Long Island through Montauk Point to Block Island, Marthas Vineyard,
and Nantucket, the ice retreated and returned again with the relative position
of the ice front somewhat altered. In this readvance it passed the limit reached
by the first advance in western Long Island, but did not reach so far south to
the east (fig. 20).

In the comparatively short time which has elapsed since the retreat of the
Wisconsin ice the changes have been almost entirely those produced by wind and
wave action along exposed shores. The relative position of the land and sea
uadoubtedly changed on the retreat of the ice, and while, according to certain
peculiarities of the distribution of the flora, this change may have amounted to
as much as 100 or 200 feet, there is no corroborative evidence of so high an
elevation.

TOPOGRAPHIC HISTORY,

While the Atlantic coastal plain, of which Long Island forms a part, was
subjected to some erosion during the Kocene, the elevation was either so slight
that it left no pronounced record or the interval was so long that the country
was essentially peneplained, and the beginnings of the present topography were
not made until the post-Miocene uplift, when the streams emerging from the
older land flowed directly across the coastal plain (Pl. VI, A). As the erosion
progressed the thinner portions of the Miocene deposits near the Cretaceous con-
tact were cut through, and the topography developed in this section began to show
the effect of the differences in the hardness of the underlying strata. A low,
longitudinal valley, or vale, was developed from the softer basal Cretaceous layers,
and a belt of hill land, or wold, cut by the narrow transverse valleys of the coast-
flowing streams, was formed from the overlying harder ones. To the south of
Washington, where the cover of Miocene sediments was greater, the underlying
Cretaccous was not reached, and the topography showed no distinctive features.
In the Lafayette submergence, which followed, a littoral deposit was spread over
the coastal plain, mantling the low topography developed in the post-Miocene.
The narrow transverse valleys were obliterated more completely than the broad
vale, and when the land was again elevated the rivers discharged into a longi-
tudinal trough. Ilad there been no deflection the streams must have cut new
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channels through the barriers aflforded by this ancestral Perrineville Wold (see p. 31)
and by the more or less filled channels through it, but as there was a tilting to the
south the rivers flowed down the partly filled Hightstown Vale until they found a
partly filled break of a lower stream through which they could turn seaward. As
the land rose higher and higher these streams trenched deeper and deeper, and at
the end of the long late Pliocene (post-Lafayette) erosion interval the present
topographic features of the coastal plain were well developed (Pl. VI, B). The
Hightstown Vale was strongly marked, being more pronounced on the north than
on the south, owing to the greater thickness of the Miocene deposits in the southern
region. In it were found the northeast-southwest portions of the Potomac, Sus-
quehanna, Delaware, and Sound rivers. Seaward of this vale was the range of
hills now recognized as the Perrineville Wold, considerably dissected, but essentially
continuous from southern New England to Virgima. The breaks in this range
were of two kinds—those due to the present channels of the rivers where they
turned seaward from the Hightstown Vale, and those possibly representing coast-
ward channels of these streams in pre-Lafayette times before their deflection,
which have persisted because of this slight initial advantage. Of such an ultimate
origin may be the depression in the Perrineville Wold across New Jersey along
Rancocas and Mullica rivers, and in Delaware and Maryland between Delaware
and Susquehanna rivers.

As the substdence which followed the late Pliocene (post-Lafayette) uplift
progressed the Hightstown Vale became a coastal sound and the Perrineville Wold
developed into a chain of islands. One of these was the first Long Island, and
while it was somewhat different in shape from the present island, it showed many
points of similarity. It was from this nucleus that the present island was
developed. :

In the Jameco, Sankaty, Gardiner, and Tisbury epochs the portion of the
Sound Valley crossing western Long Island was largely filled, some of the beds
were profoundly folded, the position of some of the more prominent points of
the archipelago to the eastward changed, and a great deposit of gravel was
laid down about the older nuclei. When the land was again elevated, Long Island
showed more nearly its present outline. The Tisbury had filled in and rounded
out the older topography and made a body of land somewhat larger than that
of to-day, with a northward-facing scarp not far from the present bluff line.
The short, deep valleys running northward from the crest of the wold were buried,
and there were, tierefore, no deep, reentrant bays or valleys such as now char-
acterize this shore. The Connecticut, no longer able to discharge westward, cut
a new channel directly seaward between Fishers and Plum islands on the one side
and Block Island and Montauk Point on the other. The Housatonic probably
flowed eastward and joined the Connecticut near Fishers Island.

As the clevation continued the excavation of valleys in the Tisbury began
along hnes determined by the preexisting valleys, in which, because of the differ-
ence in the porosity of the Tisbury gravel and the Cretaceous sands, the under-
ground waters were concentrated. Tt is to this excavation, in which springs
played a large part, that'the present shape of the north shore valleys is in a large
measure due. |
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After this period of elevation the ice again advanced, and, by means of its rela-
tively thin superficial deposits gave to Long Island its present glacial topography.
The moraines were deposited without regard to previous topography, and therefore
filled the Sound River Valley in Brooklyn, and to the east covered the older hills,
giving rise to the erroneous correlation of the whole hill mass as moraine. Tn the
outwash deposits accompanying these moraines, as well as in the moraines them-
selves, masses of icc were buried which, on the final retreat of the glacier, melted,
and produced the many picturesque kettle holes which now dot the island. The
channels across the southern plain were also produced at this time, and the shape
of the north shore valleys was probably shghtly modified. The changes since the
retreat of the ice have been relatively slight and largely restricted to the shores;
the waves have worn back the headlands, and the winds and tidal currents have
carried ‘this débris along the shore to form bars and spits, sometimes long, with but
one cnd fixed, as the great barrier bar which extends from Montauk Point to Fire
Island, sometimes fixed at both ends, as the bars which connect the former islands
of Lloyd Neck, Eaton Neck, and Center Island, with the mainland. DBehind these
bars marshes have formed which, with the silt brought down by the streams, have .
been struggling to reclaim such areas from the sea. Along the beaches and in
the areas laid bare of vegetation by man, or forest fires, the winds have taken
up the loose sands and piled them into dunes.






CHAPTER II.
UNDERGROUND WATER CONDITIONS OF LONG ISLAND.
By A. C. VeaTcn.

GENERAL PRINCIPLES.
SOURCE OF UNDERGROUND WATER.

The water that falls on the land in part flows off on the surface and in part
sinks into the ground. In both cases a portion is returned to the atmosphere by
évaporation, and another portion is consumed by living organisins and in chemical
work. The water which flows on the surface is called the run-off, though this
term is used to include also the water which returns to the surface after a greater
or less underground passage. The water which sinks into the ground through
the interstices of the soil or rock, and furnishes the supply for springs and wells
and in some cases for ponds and lakes, is called the ground water.

TRANSMISSION.

The “channels” through whi¢h this underground water moves are, with rare
exceptions, the small spaces between the particles of which the rock i1s composed,
as the sand of a sand bed or sandstone, or the gravel of a gravel bed or conglom-
erate; therefore, the coarser or more porous the bed the greater its water-carrying
power. Water that travels through breaks in the rocks such as joint planes or
fractures is rarely of very considerable economic importance and never, except in
the case of limestones in which caverns have been developed, forms an under-
. ground stream in the usual sense. In the study of underground water it is
therefore necessary at the outset to abandon the idea of underground streams
resembling surface streams, and to conceive of the water as passing through the
very small interstices of sand or gravel or other porous bed, rather than in great
open channels or conduits.

The motion of underground water, like that of surface water, depends entirely
on gravitation, and the rate of motion—or rapidity of flow—depends on two prin-
cipal factors—slope and resistance. Surface waters are entirely unrestricted in
one direction and their channels therefore readily adjust themselves to any amount
of water, the only resistance being that of the bed and banks; underground waters,
on the other hand, are carried in a ‘‘channel’’ composed of an infinite number of
small openings, each of which offers a resistance that varies inversely as its size, the

53
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whole resistance being in a way the sum total of these separate resistances. It
therefore happens that while surface water commonly moves at the vate of a few
miles a day underground water moves at the rate of only a few feet.

GROUND-WATER TABLE,

The upper surface of the beds saturated by this percolating water is called

the ground-water table. Its depth from the surlace of the ground varies with
the character of the beds,

whether relatively porous or

M impermeable; with the rain-

fal, whether heavy or light,
Ground-water tab

R d with lief of the-
NINNN \i \Y country. Tn regions of low
\ N rainfall and low relief the

> water table is very deep seated
F16. 21.—Diagram showing ground-water table unaffected by surface . .
' features. and. relatively horizontal (fig.

] 21). In regions of greater
rainfall and greater relief it is relatively near the surface, and may be directly:
affected by the tqpography. If the valleys cut the water table the ground water
moves toward the valley, producing springs (fig. 22).

REQUISITE CONDITIONS FOR FLOWING WELLS,

Underground water in passing downward may go beneath a relatively imper-
vious layer which tends to confine it and produce a hydraulic head. In this respect
underground waters differ from
surface waters, which are al-
ways free on one side and can
not, except where artificially
confined, as by closed flumes,
produce analogous phenom-
ena. This natural confine- .
ment of the ground water causes water in wells to stand above the porous layer
in which it is encountered, and is of vast economnic importance, especially i arid
regions where the water is very deep seated and has been transferred from a region
of more bountiful rainfall.

In order that a well may flow, it is necessary that the following conditions be .
satisfied: \

1. There should be sufficient rainfall.

2. There should be relatively porous beds suitably exposed to collect and
transmit the water.

2. There should be less porous or relatively impervious layers so placed that
they may confine the water collected. , ‘

4. The level of the ground water at the source should be at a sufficient height.
about the mouth of the well to compensate for the loss of head due to resistance
and leakage.
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'Fia. 22.—Diagram showing ground-water table cut by valleys.
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~

The arrangement of the factors which produce a flow is by no means constant.
These factors vary considerably from point to point, and relatively new combina-
tions are to be constantly expected. Probably the commonest combination is that
shown in the accompanying diagram (fig. 23). Here the confining beds are clay
and the porous bed is a sand which dips regularly in the direction in which the

Catchment

F16. 23.—Diagram showing common arrangement of factors producing artesian wells. A, Artesian wells; B, head of water if
there be no loss by resistance or leakage; C, actual head or hydraulic gradient; D, ground-water table at outcrop.

surface slopes. Water falling in the region marked ‘catchment afea’ sinks into
the sands and supplies the artesian wells on lower ground:

While this arrangement of the factors may be taken as typical of a large class of
artesian wells, and is, perhaps, the one most commonly expounded and understood,
a radical rearrangement of the factors, such as is found in some wells on Long
. Island, will produce results depending on the same general principles.

UNDERGROUND WATER CONDITIONS ON LONG ISLAND.
GEOLOGIC CONDITIONS.

The geologic factors which affect the water supply of Long Island are graph-
ically shown m the accompanying diagram (fig. 24), and may be briefly sum-
marized as follows:

1. Above a rock floor which underlies the island at a greater or less depth,
but which is of little importance except as a more or less complete ultimate barrier -
to the downward passage of water, Long Tsland is composed of a nucleus of Creta-
ceous beds. These are for the most part sand, but contain some discontinuous
clay masses, and dip, except for minor disturbances produced by ice thrust, regu-
farly southward. :

2. Beds of glacial gravel deposited in an early ice advance surreund this
nucleus, except in a portion of the southern side of the island, which the older
hill land protected from.direct currents and in other places where they have been
removed by subsequent erosion. This formation, which has been called the Jameco
gravel, 1s particularly well developed near the western end of the istand, where it
has partially filled a deep, broad valley in the older beds (fig. 10).

3. Over this gravel and around the edge of the Cretaceous beds is a layer of
blue clay, the Sankaty—a deposit somewhat similar to, but of greater extent than
the coastal marsh deposits of to-day, and at present situated from 50 to 100 feet
below then.

4. Covering both the nucleus of Cretaceous beds and the younger blue clay,
with its underlying early glacial gravel, are deposits- of more recent ice
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advances—the Tisbury and Wisconsin. These are, for the most part, sand and
gravels, though here and there are local beds of clayey material which, while they
give rise to local water tables that may be of value for local wells, ponds, or
springs, are of no general importance.

The more important results of these geologic conditions are:

1. The rain water sinks directly into the very porous surface -gravels and
produces, therefore, practically no run-off, except that supplied by springs. Since
all streams are spring fed there is great difficulty in determining the exact limits
of the watersheds, which depend on the relief of the ground-water table and only
indirectly on the shape of the surface.

2. As the greater portion of the water of the island is under ground, and as
the 25 to 30 per cent which normally returns to the surface is exposed for but a
relatively short distance, the percentage of the total rainfall lost by evaporation
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Fic. 24 —Diagrammatic cross section of Long Island, showing general water conditions and cause of flowing wells,

is abnormally small and the yield of this watershed, could all the water be econom-
ically obtained, would, therefore, be larger per square mile than in any adjoining
areas. ' .

3. As there is no uniform ““ blue-clay floor,” or other extensive geologic barrier,
a portion of the ground water passes coastward in the upper gravels and another
portion, and by no means a negligible one, sinks .into the Jameco and Cretaceous
sands and finally escapes mn the form of suboceanic springs. This transmission of
water is one of the more important factors of the underground conditions of Long
Island. There is no geologic reason why a relatively important portion of the
rainfall should not pass seaward in the beds below the surface gravel, and that this
occurs has been proved by the many deep wells on the island and by the work of
Prof. Charles S. Slichter, who has shown that there is a greater velocity beneath
the bed of blue clay than in the surface gravel, page 102.
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GROUND-WATER TABLES,

As all the water on the island is of ultimate ground-water origin, one of the
most important points to be determined 1s the exact position of the ground-water
- table, since on it depends the stream flow, the depth to permanent water in wells,
and the pressure in artesian, or flowing, wells. Were the island entirely homoge-
neous in composition there would be but one water table, which would be at ocean
level on cither side and would gradually rise toward the highlands in a curve entircely
symmetrical with the surface, and at a depth determined by the porosity of the
soll and the amount, of rainfall. No wells, or springs, or ponds would be possible,
except where this ground-water table was reached, and no water in any well would

0 Sealevel /2 1 mile

F16. 25.—Diagram showing perched water table on north side of West Hills and source of Mountain Mist Springs,
A, unsaturated strata; B, perched water table; C, saturated strata; D, relatively immpervious till.

rise above the ground water at that point. There would, therefore, be no artesian
wells. :

As the 1sland is not entirely homogeneous, the upper limit of the zone of com-
plete saturation—that is, the main ground-water table, o1 “main spring,” as it is
locally called—is not entirely symmetrical with the curve of the surface, and there
are, moreover, a number of more or less limited areas of saturated beds above the
main one. '

PERCIIED GROUND-WATER TABLES.

These perched ground-water tables are for the most part confined to the
moraine where local clay or other relatively impervious layers have arrested the
flow of the underground water and prevented it from reaching the main ground-
~ water table. One of the best examples of such a perched water table is found in
the northern end of the West Hills, where a relatively impervious bed is furnished
by the Wisconsin till (fig. 25). Other examples are shown in fig. 24 and P1. XI.
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MAIN GROUND-WATER TABLE.

The general character and position of the main ground-water table is shown
in Pls. XT and XII, which are based on the careful work during the summer of 1903
of the Long Island division of the New York commission on additional water supply.
This work has developed the interesting point that while the slope of the ground-
water table is in a general way the same as that of the surface, the divide of the
ground water is farther to the north than the surface divide.

GPRINGS.

Whencver the main water table, or one of the perched water tables, is inter-
cepted by the surface a spring is formed.

SPRINGS DEPENDENT UPON PERCHED WATER TABLES.

The water of springs dependent upon perched water tables penetrates the
earth until it reaches a relatively impermeable stratum above which it collects,
and along which it . passes until it finds an
outlet.  Springs of this type are common
wherever a perched water table occurs, and
represent essentially the overflow of these
underground basins. The much talked of
‘springs that occur at the summits of hills or
mountains are invariably of this class, and
examination always shows that, though rela-
tively at the top of the hill, there is always an
appreciable area of higher ground above them
which serves as a reservoir. The Mountain

: Mist Springs in the West Hills are of this type,

D Sovogmabey oo il and while they are situated at a_height of

about 280 feet above sea level, the hill behind

them rises 140 feet higher, and there are several hundred acres of land to serve as

a catchment area and reservoir (fig. 25). Springs of this type are found in many

places along the north shore, and are particularly abundant where the fine Creta-
ceous beds are overlain by coarser Pleistocene gravels.

SPRINGS DEPENDENT UPON THE MAIN GROUND—WATER TABLE.

The water of springs formed by the cutting of the main water table escapes
from the top of the water-logged beds, rather than at their base, as in the springs
just discussed. The channels which cut this water table may be regarded as
large wells, with one side open, into which the water is flowing and escaping
(fig. 26). The old glacial channels across the southern plain invariably cut the
ground-water table near their lower ends, and at the point where.this occurs little
streams start which grow very rapidly as the channel gets deeper into the satu-
rated layers. A quantitative determination of this increase in Hempstead Brook
was made by the cngineers of the Brooklyn witerworks in 1895. This valley,
which was perfectly dry just above Hempstead village, showed an average dis-
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charge of 229,278 gallons per day at the Jackson street crossing and 675,907 gallons
a mile lower down, near Mill road and Grove street, while at the efflux chamber
at the end of the reservoir the discharge was 5,618,603 gallons-—an increase of five
and a half million gallons“ in about 3 miles (fig. 27); and, as explained on page
62, had there been no dam at this point the flow would have been much greater.

On the north shore the reentrant bays cut deep into the main water table, and
large springs are abundant at, and near, high-tide level. Surveys made in the
early fifties by Daniel Marsh, under the
direction of Gen. W. B. Burnett, showed
a spring discharge available for water
supply amounting to 23,617,824 gallons
per day between Long Island City and
Glen Cove.”

At the Fresh Pond pumping station
(old Whitestone station) the spring flow i<
amounts to 500,000 to 600,000 gallons 229776 gabs, ih 24 i

. ept. Oct,. 1895,

per day, and the spring-fed pond at the HEMPSTEAD
Bayside (old Flushing) pumping station
vields an average of 1,700,000 gallons.
A small spring area on the east side of
Alley Creek, opposite the Bayside pump-
ing station, and belonging to Mr. Wil-
liam Corry, was gaged in September,
1903, in connection with a study of the
fluctuations of the wells of the Citizens (177 Hempstead Reservoir
Water Supply Company, and a yield of i
365,000 gallons a day was indicated.

675,907 gals. jn 24 his
Sept. Oct, 1895

45,618,603 gals. in 24 hrs.
Sept. Oct. 1895,

MINERAL SPRINGS. .
57,
& Hempstead Pond

The well-known solvent power of
water, especially when containing car- |_
bonic acid, causes it to dissolve what- | sm: B
ever soluble salts are contained in the |? '
beds through which it passes. Thus, all Fre. 27.—Sketch map showing increase in spring flow along
sprin gs an d well waters contain a, gre ater gzgfitsfg&Brook. From data collected by the Brooklyn
or less amount of mineral matter in solu-
tion. Sometimes the ingredients have medicinal value, or the water is of so great
relative purity that its use is recommended, and the springs are developed com-
mercially. This forms “mineral water.”” So'far as has been learned from a rather
extensive inquiry, the waters of but four springs on Long Island have been put
on the market, namely:

(643 ¢) The Colonial Spring, one-half mile west of Wyandanch.

(643) The Mo-mo-ne Spring, one-half mile northwest of Wyandanch.
(593) The Mountain Mist Spring, 2 miles south of Huntington station.
(226) Deep Glen Spring, 14 miles northeast of Richmond Hill,

Scale of miles

a History and Description of the Water Supply of the City of Brooklyn, 1896, p. 38.
b Op. cit., p. 150,
¢ These numbers correspond with those used in Chapter 1V, where additional data will be found.
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STREAMS.
ORIGIN.

As has already been indicated, the streams on Long Island are fed almost
entirely by ground water. The valleys in which they flow were not formed by
the present streams, but under conditions which existed in the Wisconsin and
Vineyard cpochs (pp. 43, 44), and the present streams may, almost without excep-
tion, be said to be the result, rather than the cause, of the valleys which they
occupy. In other words, had not the channels across the southern plain been
cut during the Wisconsin epoch, there would now either be no streams, or the
streams would be of small magnitude, and the water which is now collected in
them would appear as springs along the shores. The drainage areas of such streams
depend entirely upon underground condiiions, and, as was early appreciated in the
study of this region, they can not be outlined with certainty [rom surface condi-
tions. Another point of importance in such streams is that the flow is unusually
uniform; the great beds of sand and gravel act as equalizing reservoirs in which
the intermittent rainfall i1s stored and distributed throughout the year,
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Fia. 28.—Sketch map of Long Island, showing distribution of water-power developments, 1800-1900.

WATER POWERS,

The comparatively steady flow of these short streams made them of consid-
erable value for small water powers in the early history of the country, and one
or more mills were erccted along every important stream or branch (fig. 28).
While a number of these were simply local grist or saw mills, requiring but a lim-
ited supply of water, a number of more pretentious mills were erected, among the
more important of which the following may be mentioned:¢

Jones & Co., Woolen Factory, Cold Spring Harbor.
Patchogue Electric Light Company (new plant built which uses steam).

@ Damerum, Wm., Map of the southern part of the State of New York, including T.ong Island, the Sound, the State of
Connecticut, part of the Statc of New Jersey, and islands adjacent, New York, 1815,

Burr, David H., An atlas of the State of New York, containing a map of the State and of the several counties; pro-
jected and drawn under the superintendence and direction of Simeon De Witt, pursuant to an act of the legislature; also the
physical geography of the State and of the several countics and statistical tables of the same, pp. 7-29, New York, 1829,
120 pp., 52 maps. .

Smith, J. Calvin, Map of Long Island, with the environs of New York and the southern part of Connecticut, New
York, 1837.

Beers, F. W_, Atlas of Long 1sland, New York, 1873, 192 pp., 97 maps,
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Union Twine Mills, Patchogue.

Patchogue Manufacturing Company (water and steam ), Patchogue.

Swan River Cotton Mills, East Patchogue.

Putchogue Paper Mill Company (water and steamn), 13 miles north of Patchogue.

Perking Brothers Woolen Mills, 1 mile west of Riverhead.

Riverhead Electric Light Company (water and steam), 1 mile west of Riverhead.

Tower Roller Mills, Riverhead (includes pumping plant of Riverhead Waterworks).

.C. Hallett’s Sons’ Flour Mills and Electric Light Plant, Riverhead.

Jagger & Luce’s Flour Mill, Riverhead.

Phillips & Company, Factory, Smithtown.

Paper mills were also operated at Roslyn (3), Meadow Brook (3), Merrick, Babylon, Moriches, Patcliogue,

and Riverhead.

No new projects are heard of and many of the old ones are falling into decay,
" but there scems to be a good opening for small developments for local electric
lighting and power, especially at such favorable locations as Roslyn and Cold
Spring Harbor.

PONDS AND LAKES,

Like the -springs, the ponds and lakes of Tong Island are of two classes, one
dependent upon perched water tables or relatively impervious strata, the other
on the main ground-water table, quite independent of impervious layers.

PONDS AND LAKES DEPENDENT ON PERCHED \VATE.R TABLES.

To the first class belong almost all of the lakes and ponds situated in the more
elevated portions of the island. The natural ones are for the most part due. to
kettle holes made by the melt-
ing of blocks of 1ce detached NE E
from the glacier and buried dur- - S &
ing the last ice invasion, or to g
other irregularities of deposition
by the glacier. When the sides
o;i?r such depressions are of rela- //// /
tively impervious strata they . Scale = mite
collect the water falling in their —— '
limited drainage area, and form
lakes or ponds. If the sides are
composed of pervieus beds, these depressions.are dry, except where they extend
‘below the main ground-water table. Ponds may be produced artificially by
lining a depression or excavation with clay, and Mather states that at the time
of his visit such artificial watering holes were a striking feature of the farming
economy of the island.®

The most striking example of a lake of this type is Liake Success, between Floral
Park and Manhasset (fig. 29). It is situated high above the main water table and
is clearly due to impervious beds in the moraine. Its watershed is very limited,
and as a source of water supply would be of small value. Such a lake could be
drained very easily, since if a hole were drilled in the bottom the water would escape -

a Geology of the first distriet, 1843, p. 146.
17116—No. 44—06——5

SW.
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Fia. 29.—Lake Suetess; an example of a kettle-hole lake depending on
local impervious strata.
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into the dry sands below. Other notable examples of the same type are the ponds
shown in fig. 25. Whether or not such a pond has a surface outlet is determined
by the relative importance of the following factors: (1) Size and condition of catch-
ment area; (2) amount of rainfall; (3) amount of evaporation; and (4) permea-
bility of the sides. .

PONDS DEPENDENT ON TIIE MAIN WATER TABLE.

As explained above, any depression, either natural or artificial, which cuts

the main water table will tend to fill with water; if the depression is open at one

- end it will form a spring-

fed stream; if closed, a

~ lake or poud; or, if still

more closely inclosed,
simply a well.

Fia. 30.—Diagram showing effect of a pond on the ground-water table and conse-

quent decrease in spring flow on southern Long Istand, A-B, initial position of If a dam is thrown

ground_—water table; 'A—B’, resultant position of ground-water table. Arrows - gnpogg a depression

show direction of motion of ground-water. . .
which cuts the main

water table the effect is to obstruct the flow and to impond the water. As the flow
in such a depression depends on the spring discharge, which in .turn depends on
the steepness of the slope of the ground-water table near it (A-B, fig. 30), it is evident
-that a ponding of the water will decrease the steepness of the gradient and so
reduce the spring flow. The crest flow of such a pond will, therefore, be much less
than the normal flow of such a brook without a dam. Thus it has been found by
the engineers of the Brooklyn waterworks that, under similar conditions, the Hemp-
stead reservoir discharged 5,600,000 gallons per day when the water was maintained
at a depth of 14.35 feet and 8,000,000 gallons when at 4 feet.

If the water in a pond of this kind is raised above the level of the main water
table in the adjacent divide (a condition which is possible because of the sloping
nature of the ground-
water table, .the hori-
zontal character of the
surface of the pond, and
the relatively rapid flow
‘of the surface water) the
ponded water will not
only prevent a normal spring flow, but will flow out through the sides of the pond.
(Fig. 31.) Such an outflow was clearly proved for the Hempstead reservoir by
the engineers of the Brooklyn waterworks in 1878, when it was estimated that one
million and a quarter gallons a day was transferred? by ground flow from Iemp-
stead reservoir to Schodack Brook. (Fig. 27.) , ‘

The effect of dams m the brooks of Long Island is: (1) To raise the ground-
water table; and (2) to very materially decrease the stream flow at the points
where dams are erected.

In addition to the valleys which cut the main water table, and in which ponds
are artificially constructed, a number of the large kettle holes extend below it,

a History and description of the water supply of the city of Brooklyn, p. 58, 1896. b Op. cit., p. 5.

F1G, 31.—Diagram showing loss of water hy leakage from pond whose surface is above
: the adjacent ground-water table.
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and therefore contain water. In such cases it'is not necessary that the depres-
sion be lined with impervious beds, the sides may be entirely of sand and the depres-
sion still contain water. To this class belong all the large important lakes east of
the West Hills, among the more important of which are Lake Ronkonkoma, Artist
Lake, Long Pond (near Wading River), Deer Pond, Swan Pond, Great Pond, Big
Fresh Pond, Poxabogue Pond, and Long Pond (near Sag Harbor). TLake Ronkon-
koma may be taken as typical. Fig. 32 shows the essential difference between it
and lakes of the Success type. : )
This difference is very important if these lakes are ever considered as sources
for municipal or village water supplies, for while the yield of Lake Success would
be relatively small, the yield of Lake Ronkonkoma would be large. Lake Success
could be very easilty pumped dry, but to dry Lake Ronkonkema it would be neces-
sary to remove a large part of the ground water above sea level from perhaps oae-
third of Long Island. Its

location near the center feet

of the island, and its ex- 122: ‘ Main\__Lake Ronkonkoma__/ground-water table
treme depth, say 5 to 10 0 \\K&&%&‘N\\\ —_ﬁ«\w\m\\%\%
feet below sea level, make NN \\\%a@ u?t\%@t\&&\&\\\\\\\\\\\\\\\\\

it an immense natural 2 miles
. Fi6. 32.—Lake Ronkonkoma; an example of a kettle-hole lakc depending on the
&VGH Of the utmost 1mpor- main ground-water table.

tance, and while the pop- : ‘
ular idea that Lake Ronkonkoma is supplied by an underground stream from
Connecticut or New England is entirely unfounded, the relation of the lake to
the ground water of the island and its effective drainage area when lowered, say
50 feet below its present level, would give it a yield quite comparable to that
which the believers in such an underground stream imagine for it. (See Pl XI
and fig. 32.) : : ‘
ARTESIAN AND DEEP WELLS.

0

The discussion thus far has been confined almost wholly to phenomena such
as ground-water tables, springs, streams, lakes, and ponds, which relate to surface
waters. It has, however, been pointed out that this water is relatively free to pass
downward, and that when it passes beneath a retaining layer a head sufficient to
produce a flow may be developed. The nature of this retaining cover is purely
relative. It must always be finer than the water-bearing stratum, but although
the ideal retainer is a very fine clay, under certain conditions a flow may be obtained
fromn a fairly porous sand above a coarse gravel.

SHALLOW NOBRTH-SHORE ARTESIAN WELLS.

Cause.—Flowing wells in which there is only a sand covering are found near
the heads of many of the deep reentrant valleys on the north shore. In these val-
leys the slope of the water table is very great and the velocity of the ground water
considerable. Many springs break out near water level, and often a pipe sunk
entirely through sand to a depth ranging from 30 to 150 feet will furnish flowing
water (see fig. 33). In these cases it is doubtless true that the layer which furnishes
the flowing water is coarser than the overlying ones and affords a freer passage for
the water.
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‘Such wells do not show many differences from the near-by springs. In the one
a barrel is sunk 2 or 3 feet in the gravel and the water rises several inches above .
the surface. In the other a pipe 20 to 200 feet long is sunk entirely through sand
and the water flows from it several feet above the surface.

Local clay beds are important in producing some of these flows, and in these
cases the structure is essentially the same as that explained below for the Jameco
gravels, which, in some of these north-shore wells, are doubtless the water-bearing
horizon, :

In ‘most cases the water is from the Pleistocene gravels and the wells have
yielded as high as 125 gallons per minute, natural flow. A flow of 50 gallons per
minute is not uncommon (Pls. XIII, XIV).

Distribution.—While these wells are somewhat trregularly distributed, they
are generally in the upper half of the steep-sided valleys or bays which characterize

Mud spring
holes, all bare!
at low tide

Py H14

Fi1G. 33.—Artesian well or spring (No. 335) at Manhasset. From a drawing by J. H. L’Hommedieu.

the region (Pl XV). They seldom occur more than 10 to 20 feet above sea
level, although flows have been obtained at an elevation of 35 to 50 feet at Dosoris
(466), Huntington (626), and Glen Cove (455).

Predictions—Many shallow, 50- to 200-foot artesian wells will doubtless be
developed along the north shore during the next few years, and in prospecting for
them the heads of steep hollows or the bottoms of steep banks should be chosen in
preference to other sites, and the lower the elevation the greater will be the chances

{or obtaining a flow.
THE JAMECO ARTESIAN WELLS,

Cause.—The water passing under the blue clay (Sankaty), into the Jameco
gravels (fig. 24), has a head dependent upon the height of the water table above
the landward edge of the clay, and as the sand and gravel is fairly coarse and the
loss by resistance not great, when a well is drilled only a few feet above tide level,
the water from this gravel has a suflicient pressure to flow. In this case, although
the water-bearing stratum has no outerop and is not inclined, porous beds connect
1t with the surface, and the slope of the water table supphes the lack of slope of
the strata.
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Distribution.—The head of water in the Jameco gravels rarely exceeds 10
feet and flows can, therefore, not be expected much above this height. This basin
is best developed in the region of the old valley and becomes of lesser importance
in passing eastward because of the conditions which governed the deposition .of
the Jameco gravel (see p. 34). The coloring of the Jameco artesian area on PL
XV has therefore been discontinued near Babylon. At Riverhead the coarse
gravels of this horizon again appear with a thin capping of clay, and yield as much
as 130 gallons per minute, but the water is so chalybeate that it is necessary to
obtain water from lower horizons. West of Jameco the artesian supply soon gives
out because of leakage on the line where the Hudson has cut through the blue
clay, and at the breaks in the clay layer at Barren Island and eisewhere.

Predictions.—The main outlines of this basin have been fully disclosed by
the work of the Brookiyn waterworks. Along New York Bay no wells have
reported potable water from this horizon and the limit of development must be
drawn somewhere to the west of New Iots. On the south at Barren Island the
blue clay is entirely absent, a fact which, it is believed, increases the danger of
an influx of salt water from heavy pumnping at the pumping stations to the north.
This horizon may have an artesian value on the south side of the South Fluke and
near tide level wells 50 to 150 feet deep are likely to yield flows.

TIE CRETACEOUS ARTESJAN WELLS.

Cause.—The water which sinks deep into the Cretaceous sands may pass
~ under a clay sheet, and when this elay is penetrated at low points on the north
and south shores, the head, which depends on the height of the water table above
the landward edge of the particular clay layer in question, may, under favorable
circumstances, be sufficient to produce a flow. The principal requisite in this
case, in addition to those already mentioned, is that the gravel shall be of such a
coarseness that the loss of head in transmission: from the edge of the clay bed may
not be excessive. On the north shore the outlet of the gravel under the Sound
should be more or less completely sealed by an impervious layer.
Distribution.—The principal bed of this character i1s the Lioyd sand (p. 19), the
position of the surface of which is shown on Pl. XVT, from which the position of the
bed at any point may be inferred. This horizon has been developed to a very con-
siderable extent on the north shore and at one point on the south shore. The most
important wells deriving water from it arc the following: '

TasLr V.—Wells in the Lloyd sand.

No.a Location and owner. c;E;%‘t?J}. Remarks.
633 | Lloyd Neck; Dr.O.L.Jones..... 248 | Elevation apploxnnately 5 feet above mean high tide.
Flows 5 gallons per minute at high tide, ‘
620 | Cold Spring Harbor; T. 5. Wil- 430 | Elevation 8 feet above mean high tide. Flows 12 gallons
liams. per minute.
559 | Center Island; C. W. Wetmore. ... 318 | Elevation approximately 5 feet. Flows 25 gallons per
minute at high tide.

e Numbers correspond with those used in Chapter IV and on index map, P1. XX1IV.
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TaBLE V.—Wells in the Lioyd sand—Continued.

556

555

554

553

560
564
470

472
471
473

317
130

131

132

'
1
b

Location and owner.

Center Island; Colgate Hoyt
S.'T. Shaw

—— (. S. Sherman

—— G. M. Fletcher ....._.._....
—— G C. MacKenzie ... _......
Oyster Bay; Emily Roosevelt. .. .

Bayville; Dr. O. 1. Jones. _....._.
Mill Neck; IrvingCox. ... ..._..
‘Peacock Point; C. O. Gates

——do- L

—— W. D. Guthrie

Lake Success; W.K.Vanderbilt, jr.

Barren Island; Thomas F. White
Co.

Bairen Island; New York Sani-
tary Utilization Co.

Total
depth.

320
202

351

370

379

460

276
. 330
230

210
225
340

755
740

724

700

Remarks.

Elevation approximately 6 feet. Flows.

Elevation approximately 5 feet. Flows 5 to 6 gallons
per minute at high tide, flows slightly at low tide.

Elevation approximately 8 feet. Flows 30 gallons per
minute at high tide, 20 at low tide.

Elevation approximately 10 feet. Flows 25 to 30 gal-
lons per minute at high tide.

Elevation approximately 10 feet. Flows 75 gallons per
minute at high tide, 45 at low tide. '

Flow was obtained at 460 feet, but well was abandoned
because of breaking of pipe.

Flows.
Elevation about 12 feet.

Elevation approximately 6 feet. Flows 30 gallons per
mnute.

Flows 72 gallons per minute.

Elevation approximately 15 feet. Flowed when first
completed 40 gallons per minute. Is now being
pumped.

Flows 10 gallons per minute.
Elevation about 10 feet.
Pumps 300 gallons per minute.

Flows 10 gallons per minute.

Elevation approximately 7 feet. Flows 103 gallons per
minute.

Elevation 5-7 feet. Flows 50 gallons per minute.

Elevation 9 feet. No flow.

Pumps 150,000 gallons in
24 hours.

yielded very conflicting results.

obtained from the coarse Jameco gravels.

The many wells put down in the Cretaceous beds overlying this horizon have

There scem, however, to be several water-bearing
horizons of greater or less importance which can be made available, and which have
been overiooked in the earlier work because of the ease with which water could be

A 10-inch well near -Liynbrook, 504 feet

deep, belonging to the Queens County Water Company, has been very carefully
tested and found to yield 450,000 gallons per day. Flowing water has also been
. obtained at the following places and depths:

Flowing wells in the Cretaceous on Long Island other than those in the Lioyd sand.

Long Beach. . . .. ... oo
South of Baldwin. . .. ..... e e e e ’
Quogue, 3wells_ ... ... ... ... ... B e

Riverhead

Setauket. .. ... .. e e

Depth in feet.
270-383
289
240
250-330
225

None of these wells has been carefully tested, and no definite data can be
given regarding their capacity.
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Like the other artesian wells on Long Island, water from the Cretaceous horizons
will seldom rise higher than 5 to 10 feet above sea level, and artesian wells are there-
fore restricted to the region of the shore. , . '

Predictions.—The Lloyd gravel is the best-defined artesian horizon on the
1sland and is believed to be remarkably persistent. 1t may be regarded as available
south and east of a line connecting Bay Ridge and Willets Point to, perhaps, some-
what beyond Riverhead, and will furnish flowing water at elevations less than 5 to 10
feet above sea level. The importance of this horizon on the North and South flukes
is 1ncertain because of the distance from the main uplands of the island. The South
Fluke, however, is the more promising territory, because it is down the dip and has
a greater area. 'The minor upper horizons are not so well known and their positions
can not be definitely predicted.

REQUISITE CONDITIONS FOR SUCCESSFUL WELLS ON LONG ISLAND.

Were Long Island composed of entirely homogeneous porous materials it would
be necessary to sink wells only shghtly below the main ground-water table, a dis-
tance of 25 or 30 feet probably being all that would be required,in any case. The great
irregularity of the formations, however, introduces a new factor. For a permanent
well it is not only necessary to go to the main ground-water table, but to land the
well in a coarse bed from which water will be given up freely. Tt is this point that
makes well sinking on the island somewhat uncertain. 1In general it is not necessary
to go far below the main water table (fig. 24), but in some cases, notably in the
Wheatley Hills, the beds at the water table and for some distance below are so fine
that they pass the strainers and fill the well with quicksand. In these cases it was
necessary to drill until a coarser bed was reached, which in the Morgan well (431) was
100 feet and in the Duryea well (430) was about 140 feet below sea level, the main
water table being in both cases about 85 feet above sea level. In the Vanderbilt well
(317), although the main water table was encountered at about 50 feet above sea
level, the well was pushed to a depth of 585 feet below sea level, completely penetrat-
ing the coarse Lloyd gravel, from which an abundant supply was obtained.

One very significant point in regard to these deep wells in the higher parts of
the island is that the height to which the water will rise never exceeds the height
of the main water table, and generally falls slightly below it. The point, then,
in going deeper, except near the shores where artesian conditions are present, is
not to get an increase in head, but to find a coarse layer which will readily yield
water; in other words, to find an extensive natural horizontal strainer which will aid
in separating the water from the adjacent fine sands.

SOURCE OF THE UNDERGROUND WATER ON LONG ISLAND.

The gradual decrease in head, with depth which is observable in deep wells in
the center of the island, is an important matter in the consideration of the source of
the water. Thus in the Vanderbilt well (317) while the main water table was
encountered at 54 feet above sea level, the height to which the water rose from the
Lloyd gravel was only 35 feet, a loss of 20 feet of head in about 550 feet of depth.
This height is, moreover, greater than that to which the water will rise from the
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same horizon on the north and south shores. If the water came from below, as is
very generally imagined, the pressure should decrease from bed rock upward for
an appreciable distance, the pressure near bed rock being greater because of the loss
in head in transmission through the sand; while if the water came from above it
would be expected that the head would either remain the same or decrease with the
depth. As it decreases it furnishes conclusive proof of the insular source of the
water.

The geologic structure of the region (fig. 24), moreover, forbids the transporta-
tion of water from New England, except through bed rock, and the metamorphosed
and highly folded character of these beds makes such transmission very doubtful.
Early in the consideration of the possible reason for the deep flowing wells from the
Lloyd gravel, after it had been found that the Cretaceous beds dip regularly south-
ward, and before it was known that the clay beds were not continuous, it was sug-
gested by Prof. W. H. TIobbs, of the University of Wisconsin, and Prof. H. E.
Gregory, of Yale University, that if the faulted structure found in Connecticut
continued tunder Long Island, and if the fault springs which are common in
the former region were present, then the water furnished by these springs would be
retained beneath the ‘clay layer and give rise to an artesian condition. Fault
springs, or natural artesian wells, produced under the proper conditions by the
cutting of a porous water-bearing layer by a fault line, are comparatively simple
phenomena, but the hypothesis that such springs occur under Long Tsland must rest
on the assumption of a complexity of horizontal faulting of which there is no evidence.
Moreover, the water obtained from these deep wells runs exceptionally low in ¢hlorine,
alkalinity, and hardness, while waters from the rock wells in the western part of the
island and ir neighboring regions of New York and Connecticut have, as a rule, a
much higher mineral content.

TanLe VI.—Analyses showing difference between waters from the Lloyd sand and those from the rock wells of

Connecticut. .
N}
[Parts per million.]

Locution Chiorine | Hard- ) Alkca- Analyst. Remarks.
Center Island, Long Island 3.5¢4 20.0 19.0 | C, S, Stiehter......_........ Flowing well in Lloyd sand; 318
(559). : icet deep.
Center Island, Long Island 3.89 20.0 18.7 |..... do................ e Flowing well in Lloyd sand: 351
(536). feel deep.
Center Island, Long Tsland 4.25 20.0 200 |..... do.. ...l Flowing well in Lloyd sand; 378
(5564). feet decp.
Peacock Point, Long Island - 5.83 27.5 27.2 ). .. do .o Flowing well in Lloyd sand; 230
(470). N feet deep.
Lattingtown, Long 1lsland 4.60 22.5 17.5 |..... do_...... e Flowing well in Lloyd sand; 342
(473). feet deep.
Long Island City (75).......... 1,002, | ... |- Jacob Blumer, Oct. 12, 1888 | Wellin rock; 275 feet deep.
Counecticius: . .
Greenwiel................. 0.28( 16.7|........ H.T.Valté................ Well in rock; 177 feet deep.
Rowayton..._ .............. 32,00 [........ 220 | H.EB.S8mith........._...... Well in rock; 395 feet deep.
Norwalk. ... .............. 25.0 62.9 |........ S.P. Wheeler............. Artesian well.
Norwalk................... 20.0 60.0 |..o.o ... Ao, e Do.
Norwalk. .................. 5.6 45.7 [ ... do.. ol Do.
Westport.................. 12.0 7.3 | ... do. .. . Do.
Fairfield................... 31.0 1210 |
Fairfield. .................. 21.0 164.3 |........ S. P. Wheeler........_..... Do.
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TasLE VI.—Analyses showmg difference between waters from the Lloyd sand and those Jrom the rock wells of

Connecticut—Continued.
Location. Chlorine.l ]iiel;g_ li:}{ti;f— Analyst. Remarks.
Connecticut—Continued. : .
West Bridgeport.......... 26.0 167.5 1........ 8. P.Wheeler............... Artesian well.
Bridgeport.......... e 32,9 80.0 || do........ . Rock well; 125 feet deep.

_ Last Bridgeport........_.. 7.0 36.4 | do.. .ol Artesian well.
Woodmont................ 28.7 56.0 |........ H. E.Smith...__......_.... Rock well; 52 feet deep.
Deep River.... ........... 5.5 M0 ... R.B.Riggs......coco.... Artesian well.

Niantie. .. ... ............ 9.1 15.0 |........ A.B.Bryant............... Deep artesian well.
Middletown................ 14.5 160.0 1. ... do ...l Do.

Hartford. ... ... .._....... 6.6 28.5 |........ Henry Souther............. Artesian well; 350 feet deep.
Hartford........ e 22 ) S O Artesian well; 242 feet deep.
Hartford.................. 13.0 24.0 |..... ... H.E.Smith............._.. Artesian well; 250 fect deep.
Hartford. . .. ... e 11.0 72.9 ... S.P.Wheeler...__......._.

Hartford. ... ............. 1 30.7 128.6 §........ R. B. R)ggs ................ l Artesian well.

aVery hard.

On the whole, there is absolutely no evidence of a Connecticut source for the
underground water on Long Island. The water is derived entirely from rainfall on
the island, and all the water phenomena observed can be directly traced to this
source, except that a shght amount may be transmitted through the Lloyd gravel
from New Jersey.

CAUSES OF FLUCTUATION OF THE GROUND-WATER TABLE.?

The causes which produce fluctuations of the ground-water table on Long
Island may be subdivided as follows:

A. Natural:
Rainfall.
Sympatbetic tides.
Thermometric changes,
Barometrie changes.
B. Artificial :
Dams.
Pumping.
NATURAL CAUSES OF FLUCTUATION.

Rainfall.—As rainfall is the source of ground water, it would seem self-evident
that the ground-water level must vary directly with the rainfall, heavy rains
raising it and long periods of drought lowering it. While this is true in a broad
way, the relation between the rainfall and the changes in level of the ground-water
table is not such a simple one as this statement might imply:

In the summer of 1903 the engineers of the Long Island division of the com-
mission on additional water supply made daily observations on the water levels
in wells in many parts of Long Island and accumulated much definite data on
this point. Fortunately the observations began just before the exceptional period
of drought which extended from April 16 to June 7. The wells observed were

« Preliminary statement; a more complete report on the observations on these fluctuations made during the summer of
1903 iz nmow in press as Water-Supply and Irrigation Paper No. 155.
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largely open dug wells depending on the main ground-water level, which, as already
indicated, rises from sea level on each side of the island to a summit somewhat
north of the surface divide (p. 57).

From these records the. typical hydrographs shown on Pl. XVII have been
selected. This group of wells, with the possible exception of No. 6, are all south
of the ground-water divide and in a region where the direction of underflow is
southward. , '

In shallow wells near the south shore, such as Nos. 1 and 2, the relation
between the rainfall and the fluctuation of the ground-water table 1s very apparent.

JULY 9 JULY 10 JULY 11 JuLy 12

Feet above mean
sea level

i
I
]
P~
—-_’-J
—

NN
\/ \\ \7

10.0 » 1

JULY 9 JULY 10 JULY 11 JuLy 12

—
F1¢. 34.—Autograph record of water level in a 386-foot well at Long Beach, N, Y., showing fluctuations due to tides. Record
from g Means nilometer in charge of F. D. Rathbun, field assistant. Elevations indicated arec approximate.

Five or six days after the heavy rains of April 14 and 15 the water, after rising
for a few days, fell steadily through the period of dry weather. Three or four days
after the rain of June 7, which ended the drought, the water in both wells began
to rise and continued to rise during the rainy weather which followed.

Farther inland, a gradual change is noted in the behavior of the surface of
the ground-water, wells 7 or 8 miles from the shore, such as Nos. 3, 4, and 7,
showing an entirely different curve. In these the water rose steadily during the
drought and began to fall when the heavy rains commenced. In wells still farther
inland, as Nos. 5, 6, and 8, the water rose steadily for the whole period shown.
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FLUCTUATIONS OF THE MAIN GROUND-WATER TABLE ON LONG 3SLAND.

From observations of the Long Island division of the New York City commission on additional water supply, March-June, 1903.
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"well No. 8 actually rising over 2 feet during the greatest drought this section had

ever experienced.

These curves indicate that the deeper the ground-water table and the farther

it is from the shore (or the higher it is above sea
level) the more slowly it -responds to the rainfall.
The retardation is entirely out of proportion to
the thickness of the unsaturated beds above the
main water table. In the wells at Liynbrook and
Massapequa, which are from 4 to 8 feet deep, rain
‘water should, according to the rate of flow deter-
mined by laboratory tests, reach the ground-water
table in a few minutes, yet the water table did not
begin to rise until four or five days after the heavy
rains. As the-thickness of the unsaturated beds
increases, this retardation is multiplied at an
astonishing rate. Thus, while the 4 and 8 foot
wells at Liynbrook and Massapequa began to fall
seven days after the close of the rainy period in
April, the 32-foot well at Mineola did not begin
to fall until after thirty-five days, the 34-foot
Creedmoor well after about fifty-five days, and
the 55-foot Hicksville well after about sixty-five
days, while the 70- and 90-foot wells at Lake Suc-
cess and Hicksville showed no tendency to fall
after seventy-five days, but were still rising from
the effects of the March and April rains. In this
‘delayed transmission the effects of single showers
is almost wholly neutralized, the sand acting as
so perfect an equalizer that only the mass results
of long periods of rain or drought are indicated.
The question involved here is apparently not so
much how fast a constant strean of water under
a given pressure will flow through a column of
earth of a given height as how long it will take
a given quantity of water precipitated on the top
of this column during a relatively short time to
entirely or almost entirely run out at its base.
Tides.—Nearly all the wells in the neighborhood

of the shores, both shallow and deep, show a sym-.

pathetic vibration with the tides. The nature of
this vibration and its clearly tidal character are
shown in figs: 34 and 35. Fig. 34 represents a
386-foot. well at Long Beach and fig. 35 a 40-foot,
well at Douglaston. This fluctuation is c()mmonly

Feet WELL CURVE
AUG. 25 AUG. 26 AUG, 27
I ‘ I
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TIDE CURVE

F1G6. 35.—Rceeord of water level in a 40-foot
well of the Citizens’ Water Supply Com-
pany af Douglaston, N. Y., and tidal
record in adjacent creek, Record from
Friez tide gages in charge of F. L. Whitney,
field assistant.

greatest at the shore and becomes less on passing inland, but this rule is by no
means invariable, and many very peculiar local variations are found.

7
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The tidal curves in the wells are miniatures of those in the near-by body of
water, but are generally somewhat behind them. Thus, at Oyster Bay, where the
water is under sufficient hydraulic head to lift it considerably above the surface of
the ground (see Pl. XIII, A4), the tide in the Casino well, which is in the very edge
of the water, is five to ten minutes behind that in the bay, while in the Underhill
well, which is only 300 feet from the shore, it shows a lag of from sixty-five to
seventy-five minutes.

While this great increase in the amount of lag in very small distances indicates
that the factors concerned in the formation of these sympathetic tides are rather
complex, it is not felt that the phenomenon necessarily involves a free outlet of
the underground water into the ocean, as is very commonly held in this region.
On the contrary, it is thought to be conceivable that the clay layers, rendered
more or less sensitive by the water-logged artesian sands beneath them, may act

as large diaphragms and
“respond directly to the al-
ternate loading and un-
loading caused by the
flood and ebb tides.

Thermometric and ba-
rometric  changes. — Self-
recording gages placed on
the wells of the Queens
- County Water Company
at Lynbrook (277) dur-
ing the summer of 1903
showed very regular daily
fluctuations of the ground-
water table, which were
clearly due neither to rain-
fall nor tidal action. A
comparison of these curves
with the thermograph and barograph records obtained- at Floral Park and
Brentwood by the cominission on additional water supply (Pl, XVIII) shows
that the fluctuations closely correspond to the changes in temperature and
only -remotely to those of air pressure, except in the case of the 504-foot
well. Tt was at first thought that the daily fluctuations in the temperature
might produce minor barometric fluctuations and that the changes in-the water
level might be ultimately due to changes in air pressure, but a study of the data
forces the conclusion that the normal fluctuation shown in curves 1 and 2 are
directly due to temperature.. Thus the important barometric depression indicated
on July 26 produced no effect on the water level in the 14- and 72-foot wells, although
clearly noticeable in the 504-foot well. Even the sudden rise of the water, which
occurred during the storm of July 30 and which has many aspects of being due
to a change in air pressure, has a sharpness and definition not indicated by the
barograph curve, although suggested by the thermograph curve.

on normal water table

Redriven domestic well.
Domestic well dependent

Pumping station
Lake or pondl

F16. 36,—Diagram showing cone of depression produced by & pumping station and
its effect on a near-by pond or well.



1903.

Autographic record of
fluctuations of
water surface

in 14-foot well at
Lynbrook,
New York.

(inverted curve)

11

Autographic record of
fluctuations of
water surface

in 72-foot well at
Lynbrook,
New York.

(imverted curve)

I

Autographic record of
fluctuations of
water surface

in 504-foot well at
Lynbrook,
New York.

(inverted curve)

v

Thermograph curve at
Floral Park,
New York,

A%

Barograph curve at
Brentwood,
New York.

Records at Lynbrock from King self.recording instruments in charge of F. L. Whitney, field assistant.
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ARTIFICIAL CAUSES OF FLUCTUATION.

Dams.—The first important cause producing a change in the normal level
of the ground-water table was the construction of dams for mill purposes. These,
without exception, raised the ground-water table and decreased the spring flow
in the valley above the points at which they were constructed (see p. 62). The
crest flow in every rcase was less than the normal flow of the stream at the same
point. The enlargement of these ponds for storage purposes by the Brooklyn
waterworks but emphasized this condition.

Pumping.—When pumping stations were established a diametrically opposite
effect was produced. A pumping station instead of hindering the outward flow
of the water helps it, and as the group of wells connected with a pumping station
is usually restricted to a relatively small area, a more or less symmetrical cone of
depression 1s produced with the group of the wells as a center. All wells, springs
and ponds which depend on this main water table and which are in the radius
of the cone of depression are directly influenced. As a result preexisting wells
have had to be driven to a depth slightly greater than that of the new water table
(fig. 36), the spring flow is decreased, and adjacent ponds and marsh areas are
'more or less completely drained. Mr. L. B. Ward has compiled the following
table showing the decrease in stream flow on southern Long Island between 1873
and 1899, which must be largely due to the effect of the pumping stations:

TasLE VIL—The effect of ground-water pumping in diminisking stream flow from 1873 to 1899 in the old water-
shed of the Brooklyn waterworks, comparing five-year periods.

[By L. B. Ward.]

A Other pumped Water collected as stream
b ?1‘1, enlwell sources of Daily flow, referred to 50 square
PRy, supply. total per miles of watershed,
Aver- Avetja%cl?nn}lal Area square —
age rainfall col- i :
Period. |annual | lected, referred waotfer— ‘ dgﬁ,‘zd Express}g(lll as rain-
rain- | to watershed | ‘g oo Ex- Daily per Bx- Daily per| from all | Daily per ’
fall. as a whole, © |pressed square pressed square |sourcesin| square
8§ rain-| “pne T (@8 T~ “pie T hewater|  mile Prapor-
fall. - fall, ’ shed * | Amount.| tion of
-~ ) : total.
Per Square i
Inches.| cent. | Inches.\ miles. | Inches.| Gallons. | Inches.| Gallons. | Gallons. | Gallons. | Inches. | Peicend.
1873-1877..... 43.33 | 25.07 | 10.86 | 52.30| (o (@) 0.18 8,659 | 517,206 | 532,034 11.17 25.79
1878-1882.. ... 41.58 | 29.60 | 12.31 | 55.14 (@) (a) .99 47,063 | 585,978 | 594,310 12.48 30.02
1883-1887..... 43.30 | 31.60 13.68 | 64.42 2.95 140,392 2.30 | 109,041 651,506 | 518,071 10. 88 25.13
1880-1893.,. .. 45.05 | 38.43| 17.31 65.54 | 5.85| 278,383 | 4.17 | 108,605 | 824,195 | 455,153 9.56 21,22
1895-1899. ... 43.14 | 36.32 15.67 | 66.44 7.76 369, 581, 2,74 130,224 745,983 | 327,122 6. 89 15.96

@ Began in 1883,

While a decrease in spring flow must follow any extensive method of removing
the ground water in this region, it should be borne in mind that the cost of such
a removal will probably be less than its collection from surface ponds and the
subsequent filtration which must necessarily follow. A subterranean system will,
moreover, result in the more or less complete reclamation of the swampy lands
along many of the brooks.

The effect which the lowering of the ground-water table by a few feet in this
region may have on farm products is not very clear. It is certainly true that
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plants thrive where the ground-water table is 25 to 100-or more fect below the
surface, and it is difficult to see how the lowering ol the water table a few feet
will very definitely affect farm products, except where it makes swamp land

.cultivable.

-

BLOWING WELLS.

Mr. William Jaegle, a well driller of Hicksville, reports a number of blowing
wells about Woodbury (519, 588, 589, 590). These blow intermittently, generally
before a storm, and are clearly very similar to the blowing wells repoxted from
the Western States.”

 The cause of this blowing seems to a large extent to be due to changes in baro-
metric pressure, an outflow of air occurring when the surface pressure is relatively
low, and an inflow when it is relatively high. ‘

A careful examination was made of the wells at Woodbury by Mr. R. D,
Rathbun, field assistant, with a view to attaching a recording instrument and
carefully studying this phenomenon, but the conditions were found not to be
favorable.

WATERWORKS.

The porous nature of Long Island, which causes it to readily absorb, filter,
and store the rain water, admirably fits it for furnishing large quantities of very
pure water.

As has been pointed out, the total loss by evaporation is relatively small,
and the run-off is almost wholly that supplied by springs. These short, steady-
flowing, spring-fed streams, which were first utilized for small saw and grist nills,
were the most natural source for water when the growing city of Brooklyn began
to demand a water supply.

The original Brooklyn system, completed in 1862, derived its supply wholly
from a number of surface streams between Brooklyn and Liynbrook, which were
intercepted by a conduit in which the water flowed by gravity to Ridgewood,
where it was lifted into reservoirs which supply a simple gravity system. As the
demand increased, it became necessary to utilize other ponds and streams which
were too low to flow naturally into the conduit, and m 1872 pumping stations
were established at Watts Pond and Smiths Pond.

In the same year a private system supplied by springs was established at Sea .
Clift. This was the first waterworks plant on Long Tsland after the Brooklyn
system. 1In 1874 plants wcre completed by three villages: College Point, Flushing,
and Long Island City; of these, the first two depended on spring and stream supply,
and the last on a single large well. This last was the first plant using the ground
water as a source of supply. Garden City followed in a few years with a system
depending on a single large well.

In 1880 the surface supply of the Brooklyn waterworks was supplemented
by open-well stations at Springfield and Watts Pond, and in 1882 gang-well
stations were established at Spring Creek and Beisleys Since that time the

a Water-Sup. and [rr. Paper No. 67, U. 8, Geol: Survey, 1902, pp. 72, 73; Nebraska Geol. Sur\ev, vol, 1, 1903, pp. 93-97;
Water-Sup. and Irr, Paper, No. 101, U. 8. Geol. Survey, 1904, pp. 60-61,
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development of the ground water has been comparatively rapid; many local plants
have been erected, which, with scarcely an exception, depend on wells. Of the
plants of the five mtws-—Bmoklyn College Point, Flushing, Sea Clifl, and Northport—
which originally depended largely on surface water, the last three now depend
wholly on wells. The plans for the change of the College Point (Fresh Meadow
station) to a driven-well plant have been approved, and Brooklyn has so supple-
mented her supply by driven-well stations that at present only about two-thirds
of the supply is derived from surface waters. "At Sag Harbor it has been found
advisable to abandon the wells, and the plant there is now the only one on the
island wholly dependent on a surface supply.

The amount of water taken from Long Island for waterworks purposes during
1902 may be roughly estimated at 120,000,000 gallons per day, of which 65,000,000
was {rom springs or spring-fed streams and 55,000,000 was from wells. The
Brooklyn Water Company consumed almost the whole of the surface water
utilized and-slightly more, than 50 per cent of the well water.

The distribution of the various water systems on Long Island, the area (JOVered
by each, and the location of the pumping stations and other sources of supply,
are shown on the accompanying map (P1..XIX). Other data are presented in the
.. following table and in the detailed records given on pages 116-337.

17116—No. 44—06——=6
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TasLe VIII.—Waterworks -

No.a Owner. Description.
_ ) s R
New York City, ]
departmentof |;
water sepply,
gas, and elec- poo.. el
tricity (Bor-
ough of Brook-
lyn).
15 |..... do.......... New Utrecht sta-
tion,
16 |..... do.......... Gravesend station
135 |..-.. do..ooooo.... New Lots sta-
tion. !
120 [..... do.......... Ridgewood sta-
tion.
138 |..... do.......... Spring Creek (old)
139 |..... do.......... Spring Creek (tem-
poratry).
194 |..... do.......... Shetucket station.
198 |..... do.......... Oconee station ...
200 {..... do.......... Baisley’s station .
..... do..........| Baisley’s supply
pond.
201 |.---- ({1 Jameco station. ..
Springfield sta-
196 (..... do..... . { e
..... do. Springfield Pond .
200 |..... do.......... Forest Stream
station
..... do. Simonson’s sup-
ply pond.
Clear Stream sup-
..... do. . ply pond.
288 ... do.......... (Clear Stream sta-
tion,
..... do..........| Watts Pond......
fWatts Pond sta-
286 |..... do.......... tion,
..... do..........|/valley Stream
supply pond.

ordi-
nates

2B.

3C..

3C..

3C..

3C..
4B.

4C.,

4C..

4C..

}4 B.
4B,
5B .
5C..

fsc..
5B .
5B .

}5 B

1
j5C.

. {n1894

Serv-
ice
began.

1858

.| 1885

1862

1882

1894
1897
1897
1882
m 1858

1888

1880
n 1897
1880

{

1885

1862

1862
1885

01872
1872

1862

Source of supply.

Driven wells
streams.

{

and)
J

120 2-inch’ wells, 30
feet deep.

113 2-inch wells, 50
feet deep.

22 2-inch wells, 45 to
50 fect; 14 6-inch
wells, 80 to 90 feet;
4 6-inch wells at
bottom of | open
well, 29 by 24 fect.

Ridgewood aque-
duct; force main
{from Millburn.

100 2-inch wells, 36
feet deep; 1 6-inch
well, 150 feet deep;
7 8inch wells, 150
fcet deep.

13 6-inch wells, 42 to
75 feet decp.

12 8-inch wells, 195
feet deep.

12 8-inch wells, 195
feet decp.

100 2-inch wells, 44
feet decp.

Surface water

16 8- and 10-inch
wells, 1601cet decp;
183 2-inch wells, 27
to 73 feet deep; 4
4-inch  wells, 160
feet deep; 3 6-inch
wells, 153 fect deep.

20 8-inch wells, 170
feet deep.

Surface water

110 2-inch wells, 41
feet deep.

Surface water

150 2-inch wells, 38
feet deep.

Surface water

Watts Pond _.......

12 6-inch wells, 50
feet deep.

Surface water

Estimated
capacity
of station
per day.

Gallons.

125, 000, 000

2,000, 000

4,500, 000
3, 500, 000
2, 500, 000
2,500, 000
6,000, 000

&, 000, 00D

2,000, 000

5,000, 000,

...................

1,300,000

Average yield per day for
year given in last column.

Wells. | Springs. (Streams ¢
Gallons. | Gallons. | Gallons.
1,120,596, . .. coei]o el
2,444,082 . eeee e
4,330,600]..........|.........
28,581,383(. .. ....... 63,761,017
3,073,160, .. ..o el
2,097,945 . ...l ...
1,678,219(c .. vveei]eiee e,
1,634,408 .........[..........
1,527,051). ..o.oooiifeeiniinn ..
.................... 6, 000, 000
4,930,482 . ... el
2,133,8900. ...
.................... 2,000,000
3,439,080, ..o feeiia L.
.................... 2,000,000
........... evven--.] 200,000
2,568,005 .. ceeoi|eaaeann.
.................... 840,000
}p2,213,703 .......... 1, 000, 000

o Numbers correspond to those used in the detailed records in Chapter 1V and in the index maps, Pls. xix, xxiv.

b Sec Pls. xix, xxiv.

¢ Btreams are all very short and spring fed, and differ very little from springs.

d Whole system,

¢ Ridgewood.

J Mount Prospect.
g Mount Prospect s
k1899,

tandpipe,

i Original station established in 1880,



WATER WORKS.
systems on Long Island.
Reservoir or standpipe. | Elévation |
; i of reser- | Miles of
Delivery of water. <oir or mains.*
Capacity, Size. standpipe. .
Gallons, Feet Feet.
| ) ) 304,000,000 . ..o .. €170 '
-{Gr%’éty and direct pumii-|}  r49 185 600|............ £108.5(%  n507
: ) 111,500, 64.4 by 16] ¢ 204-278.4
]
P Direct, connecting with |..._..__...__. ) k35
Mount Prospect reser-
voir.
Direct................. JN P DU D k17
Direct service, connect- |.._....... ...l 194 It 49
ing with reservoir.
Ridgewood reservoir. .. .. 304,000,000 c. ... ... 170 |.aoo.o...
; Ridgewood aqueduct.. b ..o oo o
Y« Vo TR PPN PR DO I
FE o € 1 U ) DR
B o U ) R P
B o G A O
Notused........cocoveioieniromiaidniiiiiiii e eieeiacei o e
Ridgew-ood aqueduct. ...l oo
Y o Vo SRR PP U DN PR U PP
Springfield station....... t 7,199,000, .o oa .ol { 5. 081 .........
. 1.7
. Ridgewood aqueduct. . .| ... jooe
|
. - 3.
B0 9,879,000 ... ...... { (1)%} ........
1
T (- U 977,5000. .. ... ! 13. 19|} .........
i 10.19
JRPSI o Vo YU PR RSt DR R I
; {
NP 3,750,000} ..o ...... 650 ..
| 2.7
Ridgewood aqueduct....[. .. ... ..o el i ..........
@0 e 10,850,000{. .. .. ... 14.58Y ..
10.5 ,

hy- .
Fire hy. Authority. Date.
--------- I. M. De Varoxla......} 1899
IL.B. Ward.......... ]
.......... L.B. Ward..........| 1839
L 17 ) DY R
.......... L.B. Ward..........[ 1809
............... do............. 1899
............... do..........o.u..] 1809
............... do.... ..o 1899
............... do....ooeaia o] 1899
.......... XS s YR
............... [ s T P
.......... I. M. Pe Varona......| 1896
.......... L.B.Ward..........| 1899
............ cdoe.aooooeloll ] 1899
.......... I. M. De Varona......| 189
.......... T..B.Ward..........| 188
1. M. De Varona. ..... 1894
............... do.........o..... - 1894
.......... L.B. Ward........_.| 1899
.......... I. M. De Varona......| 1894
.......... L.B. Ward...._.....l 1809
.......... 1. M, De Varona......| 189

250 feet high, 16 and 8 feet in diameter. Not used.

- k In 1896.

t Formerly Long Island \Water Supply Company.
m Sole source of supply from November, 1858, to July, 1860.
n Driven-well station installed.
o Temporary station; permanent station establisbed in 1880,
» Allowing 1,000,000 for yield of Watts Pond.

(i

No.a

15

16

135

140

138

194
198

200

201

196

290

288

286



78 UNDERGROUND WATER RESOURCES OF LONG ISLAND, NEW YORK.

TasLe VIIL.—Waterworks

f Co- Serv- Estimated Average yigld per day for i
. L. ordi-| .28 ‘capacity | ¥ear givenin lastcolumn.
No.a) Owner. Description. nates | 1CC Source ol supply- of station |— > _;
: (by |began. perday. | Wells. |Springs. Streams ¢,
New York City, Gallons. | Gallons. | Gallons. | Gallons, ‘
department of, .
water supply, . . ) .
gas, and elee-|Smiths Pond ..... ¢ B.l 1872 | Surface water..... s 4,500,000 ......... RPN P
tricity (Bor-
oughofBrook-
lyn). |
cdo........ _.|{Smiths - .| 1872 | Smiths Pond ....._..[...... FUTROY RO e #17,269
d {“glg"" Pond sta }GB 1872 | Smiths Pond 8, 517,26
e do....... Pilr)lg;]scd supply }60.. 1862 | Surface water._..... 600,000 .. ... . (ieeeiiea]ann
) 1
,,,,, do..........| Schodack Brook..|6C..] 1873 |.....do... ........... 1,000,000, .. ..o
{Hempstead sup- } |
R 1o JE 1 p]ypond. 6 C.. 1862 |..... do...... ...»._ ....... [ [ e . !
. +
..... do........ | Hempstead stor- | 6 C..|........l........oo L 8,000,000 ... 8,000,000
age reservoir,
..... do..........| Millburn reservoir; 6 B ... ... ..o e )
. Streams, MUIDUIR 0 (o ovvevnenaileeeeeeeaatfenee s 30,450, 000,
Masgapequa. ‘
\ Millburn _pump- e o S{reams, Miltburnto|............ 3,114,739, .. ....... 36,974, 474!
"""" ((’{ ing sta.tion. 1"l Massapequa, and |
driven-well = sta- :
tions given below. X
Millburn supply } ;
..... «lo_.._......{ pond. 6B .| 1802 Surface;
Fast  Meadow .'
..... (In,._.......{ supply pond. }7 B doa e R EEREETPETH] EEPERPPEPP,
487 . ...do.......... Agawamstation..| 7B .| 1896 | 32 &inc%lévells, 33 to | 44,518,951 520,306, ... ......|..... R i
91 feet deep.
489 |.....do.. ... .... r Merrick station...| 7B .| 1896 6214(;2-6?101: \cnl'ells, 40 to | 44,693,432 325,813 .. .. .. .o ioils
eetl deep.
‘{Matowa (new
..... do..........[{ bridge) supply ;7 BC| 1892 | Surface....... .. ... cceeaeeiiidiriniiielieanaadoio
pond, , ‘
49 ... do........t. Matowa station..| 7 B3 .| 1896 4664§?n(%hdwells, 38to | 44,495,622 890,939, ... ... . ...
7 feet deep.
Wantagh supply " )
..... do{ pond. }7C._ 1892 Surfau
Seaman’s supply .
O { ond, }70.. 1892 [...:. do...... e, 8 N el |
i
493 ... do.. i, | Wantagh station.| 7 C..| 1806 43;9}-}110{1 Vgells, 24to | 3,998,844 1,377 682‘ ....................
ce eep; 6 6- .
inch wells, 92 fect '
f deep. |
: Massapequa sup- } .
S AU { ey 7C..| 1803 | Surfaee.. ... | e RiT f
567 |..... Ao e, Massapequa sta- | 8C..| 1896 | 534-inchwells, 37 to | 45,373,196 ()  |-ooooooo |l i
tion, 106 feet deep. ! ‘
81 | New York City, | Long Island City, | 2C..| 1874 | 76-inch wellg, 70 feet |......... ... 682,800 ..........0 ... .
department of; station No. 1. . deep; 1 open well,
water supply, 473 fect diameter
gag, and elec- by 30 feet deep. ,
tricity (Bor-
ou g of
Queens).
175 |..... Ao neiin. .. Long Istand City, | 3D .| 188 | 284-inch wells,45feet |.........._. F803,000 ..o
gtation No. 2. deep; 1 16-fool
i . well, 22 fcet deep.
(
99 .. .. do.......... Long Island City, | 3 D .| 1894 124-inch wells, 41 feet|. .. ....__... 621,000, .. ..o .o..... !
station No. 3. deep. |
Frosh Mondow 2,500,000 .. ....... | gr0,7sy..
Station  (for- " ! .
231 I..... do.......... merly  College 4C..] 1874 | SpringS.............. { 622, 700
: Pointstation). SRR EETEEEREEE v 622,700 ...

a Numbers correspond to those used in the detailed records in Chapter IV and-in the index maps, Pls. Xix, xxiv.,
b See Pls. xix, xxiv. :

¢Sireams are very short and spring fed, and differ very little from springs.

d Average daily yield for test ol July-December, 1896.



system&.on Long Island—Continued.

WATERWORKS.

Reservoir or standpipe. | Elevation |
: . of reser- | Miles of
Delivery of water. voir or mains.
Capaeity. Size. standpipe.
Gallons. Feet. Feet.
Smiths Pond station ....| 41,580,000 ... ..... { 'S'ggt
Ridgewool agueduet. . .| ... .o ool 1 3. 02 } ..........
..... A0neoenn e 9,088,000 ... 168
9.57
..... do.. oo e e
..... A0 2(;,900,000........‘...{ 12-21}..._..“.
8.42
........................... 1,000,000,0000. ... ...l
‘Notused................. 373,000,000 ...
To Ridgewood pumping [.. .. ... oo iiimmiioie e,
station.
..... [ [ 2 U ) Y TR IR
To Millburn pumping} 4.0
{ 0 gt 11,100,000 ... ........ b,
1.4 (]
........................... 18,830,0000. .. ......._.|! (L T
1 3.77
Miltburn agueduct. ... ) . ..o
P s Vo T Y PPN PO I RIPY B
T 1 ST 11,428,000(. .. ... ... 850
4.17
_____ (4 1 P RTINS PO PSR RO
..... AOu 15,030,000“....‘.....{ ST,
4.87
..... K U 23,990,000._.~.u_._u{ MO
6.9
..... 5 s S B A I SRR
..... AOurr e 19,000,000‘....._.....{ A0
! : 3.5
..... do}
I
Direct service. . ... ... joeoiiiiiiann. DU ,
i
!
S SO 23.19
..... i [ PR NN PO
!
..... do.. ..l
!
Direct; overflowing to 036,000 135by35. ... oo eaiaiats
standpipe. i
..... QO e e 188.8 15.42

€ Not running.
f Destroyed by boiler cxplosion in 1900 and not rebuiltt.

v Insurance maps of the

Fire hy-
drants.

e LB Ward

Authority.

I. M. De Varona.. . ..

...... PO M. De Varona......

I. M. De Varona

T.B. Ward. .

Sanborn Map Co.g ...

T.. B. Ward

orough of Qucens, city of New York, vol. 5, 1903.

Date.

1 1846

1894
1894

1899

1896

1896

1899

1899

1899

1896

1896

1899

1896

1899

189¢

19022

1899

79

Now

487

489

4

493

567

[ 8L

175

99

231



80 UNDERGROUND WATER RESOURCES OF LONG ISLAND, NEW YORK.

TasLe VIIL.-—Wdterworks

| Co | gorv- | e e i lhet coTnn.
. . i- < A HE n.
No.a, Owner. Description. I;’;gés plee Source of supply. cha&a%tg; —
| Moy | oeen perday. | Wells. ; Springs. ‘Streams o
'\ . _ R
New York City, o s . G’alllons. Gc;lglgynoso.o Gallons. qulons.
department of 21 3-,4-,and 6-inch |............ L0000, ..o e
water supply, || Bayside station wells, 40 feet deep. '
238 gas, and £ee— (formerly Flush-j:4 D 1874 3,000,000 1,206, 584 \ _____
tricity (Bor- Ing station). |} | |]rccTvohtroTenetetees rm r Tt
(éu gh of Oakland Laked .. __. 1,780,000 ......... 1,780, OO()I ..........
ueens).
17 4-and 6-inch wells, {.......... L 181,000, ... | I
239 |.....do....... ...l Whitestone, No.1[ 4D | 1892 { 55 to 75 feet deep. !
...................... 1,000,000, 196,551)... ... ... .. ......
242 |..... do ......... Whitestone No. 2 [ 4 D .| 1888 | 53-and 4-inch wells, |............ [ oo L el e aaaan
. (reserve station). 80 feet decp,
4 | Blythebourue | Principal station .| 1 B .| 1892 | 1 open well 5 fect di- |............ 200,000. ........ .
Water Co. ameter by 90 feet
deep; 1 open well,
! 20 feet diameter
l hy 90 feet deep.
21 ..., do.......... Reservo station ..| 2 B .| 1800 | 27-inch wells, 70feet |....... ... ooioiiio i,
i deep. .
: Brooklyn water- | .. ....... 106,000 ..o oie i
: works,
18 H.C. Pfalzgraf |.. ... ... .... 2B..] 1891 |Singlewell...........1..c.coooiioveeniatn N P
estate.
22 | Flatbush Wa- |[. ... ... .. . iiiannn 2B..] 1882 | 35-inch wells, 18feet |............ 2,155,490 .. ..o iiifee e aaans
terworks Co. deep; in each of 12
open wells, 8 feot
diameter by 26 fect
. deep; 19 5-inch
wells, 55 feet deep.
3 6-inch wells, 60, 65, 70,0000  70,000). .. ... . eeeeeenn..
German Amer- . B 1892 and 70 feet decp.
1341 Joan Improve-|(---oeovooes e Tsland Water Sup- [.o.co....... 90,600]. .........|... .
entLo. ply Co.
Pumping plant at ; ;
Woodhaven l Y 10 4-inchb and 6 6-inch
142 l Water Supply ‘g}‘%rksk“f Aggt"i 3. 1894 wells, 80 Lo 150feet |}..... Ceeen. 548,000/ . ... ... deeeaaenas
Co. ickej Sted deep.
[ Ware Co. .
223 | Montauk Water| Dunton..... ....l4C..| 1895 | 1710-inch wells,30¢0 |...... e 1,800,000(. .. ... formnnennnn
Co. . 50 feet deep.
2(3 | Jamaica Water | Jamaica.......... 4. .| 1887 | 7 10-inch, 12 5-inch |........ ... 1,500,000{. .. .. ...[-c........
Supply Co. wells, 50 to 60 feet
deep.
1 8-inch well, 57 fect
deep; 110-inch well, || 7 000,000| 2,275,000/ .... U SO
213 |..... do .o do...eouiinen. 4C..| 1887 150 fect deep; 1 8- ,
‘ J inch well, 50 fect {l--ecv-mevroommnmrrnfonnaaerfr e
deep; 5-inch wolls, |)
219A | Holliswood pri- | Hollis. .. ..., . e Jamaica Water Sup- T5,000] oo
vate high ply Co. .
service.
158 | Citizens Water | Station No., 1..... 3C..| 1804 | 286-inch wells, 45 to [............ 608,000]« .. ..o oi ot
Supply Co. 62 feet deep.
162 1..... do.. . ....... Station No. 2..... 3D | 1897 | 784i-inch wells,45t0 [............ 1,510,000 . ... . |--ereennn
80 feet deep.
31 6—1‘fnch \lwvells, 4580 [c.oniioa. 2,067,700 .c.cuvenf-mme
90 feet deep.
225 ... do. . ... Station No. 3..... .. 1899 . .
7 n e 4C..} 1899 D6 6inch wells, 45 to | 3,500,000 ... R TR RN ;
90 feet deep.
150 |..-.. do..... -....| Station No 4._... 3C..| 1000 | 166-inch wells_. . _ .. 2,500,000 - o] !
151 |..... do.......... Station No. 5..... 3C..| 1901 34kand6inch wells.] 2,000,000]. ... ..ccoofeecaananafoeroreas .'
153 | Woodside Wa- | Station No. 1..... 3C.. 1897 ... Small f
ter Co. .
178 shallow driven
161 |..... do.......... Station No.2._...t3aD _|........ wells. e Notused.|i.....-. S R
178 .. ...do.......... Station No.3.....]3D.|........] e Not used. i

a Numbers correspond to those used in the desailed records in Chapter IV and iu the index maps, I'ls. xix, xxiv,
b Sce Pls. xix, xxiv.

¢ Streams are all very short and spring fed, and differ very little from springs.

4 Also called Douglass ’ond; used only for reserve in case of fire.

¢ Insurance maps of the Borough of Queens, city of New York, vol. 5, 1903,

f Five elevated tanks. .

¢ In 1897, M. N. Baker.

h Now New Lots pumping station of the Brooklyn waterworks.
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systems on Long Island—Continued.
Reservoir or standpipe. E[f‘;gﬁl?n Miles of | Fire hy
. of reser- iles o -
Delivery of water. —-——| voiror | mains. | drants. > Authority. Date. | No.a
Capacity. Size. standpipe.
Gallons. Feet. Feet.
Direct; overflowing to |...... .. ... j.... ...l 218 15.4 | ... ..... L.B.Ward. .. ... ._... 1899
standpipe:
........................... 762,000] 135by33.............|.........]..........] Sanborn Map Co.c ...| 10022 |f 238
..................................................................................... Chief engineer. ... .. [ 1902
Direct; overflowing: to [ . ... ... i oo i 10.4 {.......... L.B.Ward.,........ 1899 239
standpipe.
..... (¢ ¥ Y 212,000 95 by 20... 182.34..............A.,... Sanborn Map Co.e.._.| 1902¢
Y+ Us DA PO PO PO FPUY I F N PR 242
| Direct; overflowing to J125,000(. ... ..... 160 30 be...l. L.B. Ward.......... 1899 1
tanks. -
.................................................................. wrmemanefeeeeee o] I ML De Varona ... ..) 1896 21
..................................................................................... L.B.Ward._.......| 1899
................................................................. | [ PPN R ¢ (s DA 1899 18
Direct; overflowing io 239,700 20by 102, . 194 72 75%0|..... dozoooo L. 1899 22
standpipe.
To standpipe and mains. j. ... .ooveen e oo e
134
Direct service; overflow- 7 4,000,000 " 10 y '
(e o { 500.000f{ - 125 82 7403 L. B. Ward. ... ... 1890 | 142
Direct service; overflow- |.. ... ....... 2 stand- 175 9.5 |ovaeaiid]oaon do. ...l 1899 223
ing to standpipe. pipes. -
..... do...o e dOlR 175 160+ |..o.ooooijaodo oLl 1899 213
................................. e e e €A Lockwood . ... 1903 013
........................... 511,000 | 40 by 50. . .|....oeno. ... 62 640] Sanborn Map Co.Jj....| 1903 '
..................................................... 210 2 e LB Wardo ..o 1899 219A
Direct. .. ........ ... ... 183,600( 25 by 50 . 158
----- dO-nin e ms6.02 (L T BoWard..........| 1800 |{ 162
..... L6 2 G
225
..................................................................................... J. Edward Meyer, su- | 19803 } i
perintendent.
R RRURU FURSTUSTRT VNSRRI AU EEURIUT! ISR IO A0 oo, 1903 150
.......................................................................... devoveenaddeaasdon ool 1903 151
153
1037741 AP DUSRPUPIY RSUUIPI EUN % T P, LB, Ward........... 1899 161
! 178
i Statement of F. If. Luce, superintendent,
“Jj Insurance maps of the Borough of Queens, city of New York, vol. 4, 1903.
k Combined capacity about 1,000,000 gallons. .
t In Greater New York.
m Manual of American Waterworks, 1897, p. 123. ] .
n In 1899 delivered 2,336,400 gallons to the city for use in Long Island City.
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No.c

174
176

273

379
375

397

490

405
414

442

452

466

455
525
503
579
568

674

658

675

Steinway& Sond]
Bowery Bay

UNDERGROUND WATER RESOURCES OF LONG ISLAND, NEW YORK.

Owner. »

Building and
Improvement
Co.

{Queens County

Water Co.

TasLe T1I.— Waterworks

Destription.-

}Valley Stream... ..

Rockville Center ori
{ village. }Rockvxlle Center .
Long Beach As- | East Rockaway. .
sociation.f
Freeport village| Freeport......... !
i
Merrick Water | Merrick............
Co. .
[Hempsiead vil-
1 lage. }Hempstead .......

Garden CityWa- Garden City
ter Supply Co.

C. H. Mackay...

{

Amityville Wa-
ter Works Co.

{Huntin

{Sea Cliff Water

Co.

Yratt estate. ...

{Nassuu County

Water Co.

wams Water
Co.

{Babylon Sump-

Water
Co.

orks

{Northport Wa-

ter Works Co.

Great South
Bay Water Co.

ton

Roslyn

}Sea CHfE. .........

Glen Cove

|
!
i'v....do

! Ovyster Bay
Hicksville

Farmingdale
Amityville. .......

Co-
ordi-~
nates

()

3D.
3bD.

5B.

60C. .

60C. .

6D.

6 K.

6.

6E .

7E.

7D.

8C..
8C..

10 C.

8E..
9E..

10 C.

Serv-
ice
began.

Souree of supply.

1884

1891

(%)
*)
%)

(ky .
1893

1893

1893

1893

188990 {

17 6-inch wells, 65 to
70 feet deep.

16 3 and 4 inch wells,
145 to 180 feet deep;
45 3-inch wells 30
to 50 feet deep.

32 4 and 5 inch wells,
33 feat deep.

19 6-inch wells, 150 to
190 feet deep.

}2 wells, 50 feet deep. .

14 8inch wells, 40 to
50 feet dcep.

Shallow wells

2 6-inch wells, 35 feet
deep; 2 10-inch
wells, 35feet deep.

Shallow wells

8 6-inch wells, 50 feet
deeyp.

Well 50 feet diameter
by 35 feet deep.

Shallow wells

6 6-inch wells, 60 feet
[ deep.

14 6-inch wells

{Wclls

3 driven wells

3 6-inch wells, 38 to
48 feet deep.

1 6-inch well, 82 feet
deep.

4 10-inch wells, 45 to
60 feet deep.

Estimated| Average yield per day for

Driven wells......... e

2 8-inch wells, 8 feet
deep.

Driven wells_._... ...

6-inch wells, 40 feet
deep.

deep.

3 8-inch wells, 60 feet

Driven wells.........
4 8-inch wells, 60 fect
{ deep.

T{? 8-inch wells, 47 feet

deep.

45 feet deep.

90 5-inch wells, 40 to |

capacity year given in last column.
of station R
per day. Wells. | Springs. |Streams ¢
Gallons. | Gallons. | Gallons. | Gallons.
............ 500,0000.. ... | .
............ 1,128,581 e
5, 000,000] 1,634,000{. ... .....[.........-
300,000 25,0000 .. ... i
............ 150,4660. . ...
............ 60,000[. ... feerennannt
............ 200,000, .. ... .o el
............ 78,0000 2o el
............ 500,000, ... ... leeiiiion.
500,000 33,0000 () |..........
............ 75,000|. . ... ..ol
........... 100,000, ... oo feerenn..n.
}1,000,000'!‘ T e
500,000 104,000 ......... .
1,000,000|. ... ..o eeoe i aas
............ 175,000« . oeoooe e
150,000 .. ... | .o
........... 66,274]. ... ...l ...
} ........... 96, 280 2 T P

2 Numbers correspond to those used in the detailed records in Chapter IV and in the index maps, Pls. xix, xxiv.
b See Pls. xix, xxiv.
¢ Streams are very short and spring fed, and differ very little from springs.
4 A small private

J Private plant supplying Long Beach.
g Mannal of American Waterworks, 1897,

plant supplying houses in the vieinity of the Steinway piano factory.
¢ Two standpipes. : .



systems on Long Island—Continued.

WATERWORKS,.

83

i Reservoir, 120,000 galﬁ)

fConstruction well advaneed in September 1903.
kUnder construction September, 1903,

! Two 7,000-gallon tanks.
m The springs which formerly supolied this piant were abandoned in 1903.
n Maps of Bayshore and Islip.

ns; elevation, 175 feet; standpipe, 235,000 gallons; elevation, 250 feet.

LS i i Klevation
. Reservoir or standpipe. of reser- | Miles of | Fire hy- . . Dat
Delivery of water. Voir or mains drants. Authority. ate
Capacity. Size standpipe.
Gallons. Feet Feet.
Totank.. ... oo e e
Direct. . ... | ............ LS |l L. ¢. T.. Smith, con- | 1903
) ' sulting engineer.
Direct and to standpipes. [ T PO EI 3717+ ... L.B.Ward._......... 1899
35,000] 20 by 100.. .
--------------------------- 235,000 20 by e 50 300] C. R. Bettes..........| 1902
93,000] 12 by 100..

Du‘ect, OVBrﬂOWlng to 235,000 20 l\y 100, .} cce e aal 5 49| M. N. Baker. ......... 1897
standpipe. [\ Village clerk. ... ... 1902
To standpipe at Long [---- - cemeeeiloenon b 4

Beach. ]
Direct, overflowing to |----e-oreerorafommrreoasans N B TR T T Engineer............<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>